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EXECUTIVE SUMMARY

PURPOSE OF THE SUPPLEMENTAL REMEDIAL INVESTIGATION

The U.S. Army Toxic and Hazardous Materials Agency (USATHAMA) issued
Contract No. DAAK11-83-D=0007 to Environmental Science and Engineering,
Inc. (ESE) to perform tasks relating to the Multi-Installation Eastern
Sites Environmental Contamination Surveys Program. Task Number 0004,
Delivery Order Number 0005, comprises a Remedial Investigation/
Feasibility Study (RL/FS) of the former West Virginia Ordnance Works
(WVOW) to assess contamination and contaaination migration in the soils,
surface vater, and ground water as a result of past 2,4,6-trinitrotoluene
(2,4,6~TNT) manuiacturing operations and to evaluate potentisl remedial
action alternatives. The layout of the former industrial facility is
shown in Rig, 1.

The Remedial Inveatigation (RI) report (ESE, 1986d) detailed the sitewide

contamination status of WYOW. For certain areas of concern (specifically
the Acide Area/Yellow Water Reservoir, the Red Water Reservoirs, and the
Pond 13/Wet Well Area), important uncertainties remained regarding the

source, extent, and migration potential of contaminated ground water,
These uncertainties dictated that additional field data be collected to
support remcdial alternative decisionmaking.

To expedite implementation of source area remedial actions, WVOW vas
divided into two operable units. The first opecable unit included the
TNT Manufacturing Area, the Burning Grounds Area, and the industrial
severlines. The second operable unit inciuded the Acids Area/Yellow
Water Reservoir, the Red Water Reservoirs area, and the Pond 13/Wet Well
Area, The available data for the first operable unit were sufficient to
cosplete the RI/FS process; all studies have been completed, and ‘{301}538
Record of Decision (ROD) for the first operable unit is l:hedul!\ v
signed in April 1987,

o be
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This report presents the findings of the supplemental RI survey and
sumparizes the Phase II field program (March through Augusc 1986)

conducted at WVOW in each area of concern in the second operable unit,

L SUPPLEMENTAL RI OBJECTIVES

! The objectives of the supplemental RI by area were:

l’

2'

3.

Acids Area/Yellow Water Raservoir

b,

Determine the limit of contamination in the shallow alluvial
aquifer,

Verify the presence and thickness of the gray clay confining
layer and assess the potential for downward vertical
contaminant migration,

Red Water Reservoirs

b,

Refine estimate of contaminant source strength in the
reservoir sediments,

Determine the limit of contamination in the shallov alluvial
aquifer,

Verify the presence and thickness of the gray clay confining
layer and assess the potential for downward vertical
contaminant migration.

Pond 13/Wet Well Area

4
b,

Assess ground water flow direction in the shallow aquifer,
Determine the limit of contamination in the shallow alluvial
aquifer,

Verify the presence and thicknesa of the gray clay confining
layer and assess the potential for downward vertical
contaminant migration.

SUPPLEMENTAL RI APPROACH AND SCOPE
The Phase II Supplemental RI included shallow and desp monitor well

installation, water-level observation wall installation, sediment
sacpling, water-level measurements, and ground water unpllﬁﬂ 3@ 155110
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addition to sampling the vells installed in the supplemental RI program,

existing monitor wells were sampled in each of the three areas of concern
to relate the data from the new wells to the existing daca base.

The supplemental RI field program was initiated in March 1986, Ground
water sauples from three new deep monitor wells contained detectable
nitroaromatics, The relative concentration of nitroaromatics in the deep
vells compared with adjacent shallow contaminated wells indicated the
probability that contaminated ground vater from the shallow aquifer was
carried into the deep aquifer during drilling.

To determine the source of the low levels of nitroaromatics observed in
the deep monitor wells, a deep well resampling program was conducted in
August 1986, One of the three wells was selected for time-serias
sampling, In the time-series sampling, the well was pumped continuously
for an extended period of time and was sampled at periodic time steps
throughout the pumping. Each successive pumped sample represented ground
vater quality at increasing distance from the pumped well, The pattern
of contaminant arrival, concentration, and duration provided data
relevant to the presence, strength, and location of the contaminant
source. Selected deep and shallow monitor wells also were resanpled.

The individual elements of the supplemental RI field program are
presented in Table 1,

SUPPLEMENTAL RI RESULTS
The principal findings of the supplemental RI area of concern within the
second operable unit are described in the following sections.

ACIDS AREA/YELLOW WATER RESERVOIR
1. Contaminant sources vere identified in the Phase 1 survey and
include the sediments of the Yellow Water Reservoir and
contaminated soil in the vicinity of the ncutulintw 3,%5.“ | T
Nitroaromatic contamination exists in the shallow aquifer, The o/
contamination is limited in areal extent.

ES~4
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Table 1. Supplemental RI Field Program

" Area of Concern

Field Program Elementa

Acids Area/Yellow Water

Reservoir

Red Water Reservoirs

Pond 13/Wet Well Area

Other Tasks

1.
2.
3.
“l

1.
2,
3.
by
1.
2.
3.
by

ll

2'
3'
4,

Install one shallow monitor well,
Install one deep monitor well,
Sanple new and existing wells,
Conduct time~serias sampling of deep
monitor well,

Install three shallow monitor wells.
Install one deep monitor well,
Conduct sediment sampling of
reservoirs.

Sample new and existing vells,

Install one shallow monitor well,
Install one deep monitor well,
Install one shallov water-lavel
observation well,

Sample new and existing wells,

Measure vater levels at all walls and
surface water gaging stations at WVOW
(April 1986).

Resample Well GWI6D (TNT
Manufacturing Area).

Install shallow monitor well at north
portion of TNT Manufacturing Area,
Sample deep water supply well at
Clifton F, McClintic State Wildlife
Station (McClintic Wildlife Station),

Source: ESE, 1967,

AR304542
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The gray clay confining layer is present at the Yellow Water
Reservoir and acts as an effective barrier to vertical
contaminant migration.

The contsmination detected in thc deep aquifer in April 1966 was
atcributed to shallow contamination being carried into the deep
aquifer during drilling., The data obtained during the
time=series sampling of GW27D and the resampling of GW36D
confirmed chis theory.

Ground water flow direction in the shallow aquifer is to the
west; ground vater flow in the deep aquifer is to the north.

RED WATER RESERVOIRS

1. The source strength of the sediments of Pond 1 and Pond 2 was
refined through the sampling and analysis of deep sediment
cores. Low levels of nitroaromatics were detected in several of
the deeper sediment samples,
Nitroaromatic contamination was detected in the shallow ground
vater at Monitor Wells GW30, GWA5, GWA6, GWA7, and SHW6, At
SHW6, located at State Route (SR) 62, the contamination is
present at very low levels [0.2 micrograms per liter (pg/L) of
2,4,6=INT); the downgradient limit of contamination is projected
to occur at or immediately west of SR 62,
The gray clay confining layar is present at the Red Water
Reservoirs and acte as an effective barrier to vertical '
contaminant migration., '
The lpp‘ren: low-level contamination detected in the deep
aquifer in 1986 is attributed to shallow contamination being
carried into the deep aquifer during drilling, The data
obtained during the time-series sampling of GW27D and the
resaapling of GWI6D confirm this theory,
Ground water flow direction in the shallow aquifsr is to the

northwest; ground water flow in the deep aquifer is
have a northerly component. A.R%cn.f 5143
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POND 13/WET WELL AREA

1. A major source of the contamination observed at Pond 13 is the
nearby Wet Well W1,

2, The shallow sand aquifer appears to be areally limited and is
bounded by clay-dominant sediments observed at GWASD to the
north and GW22D to the esast,

The gray clay confining layer is presant at Pond 13 and acts as
an effective barrier to vertical migration.

Based on the water levels measured in the RI (ESE, 1986d) and
supplemental RI (ESE, 1986a), essentially no direction of ground
vater flow is apparent in the shallow aquifer, '

The hydraulic head obaerved in the deep monitor wells is higher
than those observed in the shallow aquifar, further

substantisting the conclusion that vertical contaminant
migration at Pond 13 is unlikely,

RIOUSHY
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1.0 INTRODUCTION

The U.%, Army Toxic and Hazardous Materials Agency (USATHAMA) issued
Contract No. DAAK11-83-D~0007 to Eavironmental Science and Engineering,
Inc, (ESE) to perform tasks relating to the Multi~Installation Bastern
Sites Environmental Contaamination Surveys Program. Task Number 0004,
Delivery Order Nuaber 0005, comprises a Remedial Investigation/
Feasibility Btudy (RI/FS) of the former Wast Virginia Ordnance Worke
(WVOW) to assess contamination and contamination migration in the soils,
surface vater, and ground water as a result of past 2,4,6-trinitrotoluene
(2,4,6~INT) manufacturing operations and éo evaluste potential remedial
action alternatives. The layout of the former industrial facility is
shown in Fig. 1.0~],

The Remedial Investigation (RI) report (ESE, 1986d) detailed the sitewide
contaminacion status of WVOW. For certain areas of concern (specifically
the Acids Area/Yellow Water Reservoir, the Red Water Raservoirs, and the
Pond 13/Wet Well Area), important uncertainties remained regarding the
source, extent, and migration potential of contsminated ground water,
These uncertainties dictated that additional field data be collected to
support remedial alternative decisionmaking,

To expedite implementation of source area remedial actions, WVOW was
divided into two operable units. The first operable unit included the
TNT Manufacturing Area, the Burning Grounds Area, and the industrial
severlines. The second operable unit included the Acids Area/Yellow
Water Reservoir, the Red Water Resarvoirs area, and the Pond 13/Wet Well
Area. The available data for the first operable unit were sufficient to
complate the RI/FS process; all studies have been completed and the

Racord of Decision (ROD) for the first oparable unit is lchcﬂle 9[’5[;5
signed in April 1987, :

TN
o
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This report presents the findings of the supplenental RI survey and
sumaarizes the Phase 11 field prograa (March through August 1986)
conducted at WYOW in each area of concern in the second operable unit,

1,1 SUMMARY OF CONTAMINATION STATUS )
The following paragraphs are a sumsary of the overall site contaminant

sources and contaminated wedis, The principal sitewide contaminants are
nitroaromatic residues, and the predominant compound observad was
2,4,6=TNT; 1,3,5~trinitrobenzene (1,3,5-THB) and 2,4-dinitrotolusne
(2,4=DNT) were also widely distributed, The major nitroaromatic
contaminant source areas are shown in Pig. 1.1-1 and includs:
1. The surface and subsurface soils in ths TNT Manufacturing Area,
2. The industrial sewerlines in the TNT Manufacturing Area and the
trunk severlines leading from the Pond 13 area to the outfalls,
and
3. The surface soils in the East and West Burning Grounds,

In these areas, concentrations ranging to the low-percent levels

(<10 percent) were encountered, Fist-sized pieces of crystalline
nitroaromatic residue were encountered in the Burning Grounds Area,
These source areas contribute surfacs water and ground water
contaaination by nitrosromatice and represent a hazard to human beings
and wildlife as a result of direct contact, A very small sres
{approximately 100 square fest (£t2)] of surface eolls in the Acids
Area/Yellow Water Reservoir area is also contaminated with nitroaromatice
to approximately the l=~percent lavel.

The Red Water Reservoirs sediments, Yellow Water Reservoir soils, and the
Wat Well/Pond 13 seep area nedinents are contaminated to a lesser degrae
and do not represent a direct contact threat, but contribute to surface
vater and ground vater contamination. These source areas are shown in
Fig, 1.1-1. '
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Asbestos, disposed primarily at the West Burning Grounds, represents a
direct contact hazard in this area. Surface water migration of asbastos
is occurring into the drainsge leading from this source ares into Oldcown
Creek, Watars of the drainage area and Dldtown Cresk are not used as

drinking water sources or for body contact racreation. Polynuclear
avomatic hydrocarbons (FAHa) and lead also wars observed in the Wast
Burning Grounds, Although these contaainants repressnt a potential
contact hazard in the source area, no generalized migration appears to
have occurred, Asbestos also exiuts offsite in the powerhouses and Mason
Furniture Co, Access to the south powerhouse is not restricted, Mason
Furniture Co. is privately owned,

Table 1.1~] indicates the maximun concentrations observed in various
contaminated areas and media for categories of contaminante associsted
with the WVOW site. 1In each area, sampling strategy was designed to
identify and sample the aost contaminated areas, so the maximum
concentrations are not necessarily reprasentative of the typical
concentration in each source area. In virtually all source areas,
several samples were collected that wers uncontaminated, thus
realistically defining the extent of contamination, Details of the
contaninant distribution in each source ares sre presented in the RI
report (ESE, 1986d),

1,2 SUPPLEMENTAL R1 OBJECTIVES

An stated previously, important uncor:nlniicn remained at the conclusion
of the initial RI survey regarding the source, extent, and migration
potantial of contaminated ground water for the arefs of concern within
the sscond operable unit, Specific objectivas were determined for each

ares of concern, The objectives of the |upplcl|nt|1 Rl by area are:
1. Acids Area/Yellov Water Reservoir
a. Datermine the limit of contemination in the -hmonﬂg@h‘:')w
aquifar,
b,  Verify the presence and thickness of the gray clay eonftning‘ o~
layer and assess the potential for downward vertical .
contaminant migration,

1=5
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Table 1.1-1, Sumaary of Contamination Status of the Second Operable Unit

at WVOW

Environoental
Mediun

Contaminant

Maxinua

Concentration

Detected®

Acids Area/Yellow Water

Reservoir

Solls

Sewerlines
Surface Water

Ground Water

Red Water Reservoirs
Soils
Sewerlines
Surface Water
Sediments

Ground Water

Pond 13/Wet Well Area

Soils
Sawerlines

Surface Water

Nitroaromatics

Lead
Nitroaromatics
Uncontaainated

Nitroaromatics

Uncontaninated

Nitroaromatice

Uncontaninated
Nitroaromatics

Nicroaromatins

Nf:roaronn:tcl
Uncontaainated

Nitroaromatics
Lead

12 (isolated ares
approximately

100 £e2)

100 ug/g

2,830 ug/g

15 yg/L

0.2%
2,210 ug/g
17 ug/L

5.5 ys/s

70 us/L
32 yg/Lt

1304550
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Table 1.1-1, Sumsary of Contamination Status of the Second Operable Unit
at WVOW (Continued, Page 2 of 2)

Maximun
Environaental Concentration
Hedium Contaninant Datacted®

Pond 13/Wet Well Area (Continued)

Sedinents Nitroaromatics 4,240 pg/s

Ground Water Nitroaromatics 50,000 yg/L

Note: ug/g = micrograms per graa,
#g/L = micrograms per liter.

*In each area, sampling strategy was designed to identify and sample the
most contaninated areas, so the waximun concentrations are not
necessarily reprasentative of the typical concentration in each source
arsa, In virtually all source aress, several ssaples wers collscted
that were uncontaasinated, thus realistically defining the extent of
contanination.

tLead in ground and surface waters did not exceed relevant standards or
criteria (e.g., National Interim Primary Drinking Water Regulations
(NIPDNR) = 50 pg/L}.

Source: ESE, 1987,

AR30455]
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Water Reservoirs
Refine estimate of contaminant source strength in the
reservoir sediments,
Deteraine the limit of contaainat ion in the shallow alluvial
aquifer,
Verify the presence and thickness of the gray clay confining
layer and assess the potential for downward vertical
contaninant migration,
Pond 13/Wet Wall Area
a. Assess ground water flow direction in the shallow aquifer,
b, Dstermine the limit of contamination in the shallow alluvial
aquifer,
Verify the presence and thickness of the rray clay confining
layar and assess the potential for downward vertical
contaninant migration.

1.3 SUPPLEMENTAL RI APPROACH AND SCOPE

To address the data gaps listed in Sec, 1.1, the Phase II Supplemental RI
included shallow and deep monitor well installation, water~level observa-
tion well installation, sediment sampling, water~level measurements, and
ground water saapling. 1In addition to sampling the wells installed in
the supplemental Rl program, existing monitor wells were sampled in each
of the three areas of concern to relate the chemical data from the new
wells to the existing daca base,

The suppleaental RI field program vas initiated in March 1986. Ground
water samples from three nevw deep monitor wells contained detectable
nitroaromatics, The relative concentration of nitroaromatics in the deep
vells coapared with adjacent shallow contaminated wells indicated the
probability that contaminated ground water from the shallow aquifer was
carried into the deep aquifer during drilling.

AR30LS552
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To determine the source of the low levels of nitroaromatics observed in
the deep monitor wells, a deep well resampling program was conducted in
August 1986, One of the thras wells was selected for time-saries
sampling. In the time~series sampling, the well (GW27D) was pumped
continuously for an extended period of time and was sampled at periodic
time steps throughout the pumping, Each successive pumped sample
represents ground water quality at increasing distance from the pumped
vell, The pattern of contaminant arrival, concentration, and durstion
provided data relevant to the presence, strength, and location of the
contaminant source. Selected desp and shallow monitor wells also were
resanpled,

The individual elements of the supplemental RI field program are

presented in Table 1,3-1,

1.4 SUPPLEMENTAL RI REPORT ORGANIZATION

This supplemental RI report is structured in general accordance with
format guidance trom the U,S, Environmental Protection Agency (EPA) (EPA,
1985), The overall format of data presentation is groupsd by major ares
of concern.

Sec. 1.0 (Introduction) presents an overview of pravious studies
conducted at the site, a summary of the supplemental RI survey, and the
structore of the RI report.

Sec. 2.0 (Field Methodology) describes the technical activities and
investigations performed during the supplemental RI survey, This section

aleo includes the site selection rationale for sediment sampling and

monitor well inetallation. The epacific field and analytical procedures

(e.g., monitor well drilling, borehols logs, chemical analysss) esployed

in the supplemental RI survey followed those procedures smployed in the

initial RI survey, As such, these detailed procedures are incorporated

by reference (ESE, 1986d) and are not presented in detail tnﬁ“eet'gsss T

POl St et e e
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Table 1,31, Supplemental RI Field Program

‘Avea of Concern Field Program Elements

Acids Area/Yellow Water Install one shallov monitor well,
Reservoir Install one deep monitor well,
Sample new and existing wells.
Conduct time-series sampling of deep
monitor well,

Red Water Reservoirs Inatall three shallow monitor wells,
Install one deep monitor well,
Conduct sediment sampling of
reservoirs,
Sazple nev and existing wella,

Pond 13/Wet Well Area Install one shallow monitor well.
Install one deep monitor well,
Install one shallow water=-level
observation well,
Sample new and exieting wells,

Other Tasks Measure vater lavels at all walls and
surface water gaging stations at WVOW
(April 1986),
Resample Well GW36D (TNT
Manufacturing Area).
Install shallov monitor well at north
portion of TNT Manufacturing Area.
Sample deep aquifer water supply vell
at Clifton F. McClintic Wildlife
Station (McClintic Wildlife Station).

Source: ESE, 1987,
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Sec. 3,0 (Ground Water Hydrology) presents the resulte of the
supplanmental hydrogeologic investigation for each area of concern, A
diacusaion of sitewide hydrogeology as it affects nitrosromatic
contaminant distribution and migration p&tlntlll is also included,

Sec, 4.0 (Contamination Assassnent) presents the results of the
supplemental sampling and analysis program for each area of concern.

Sec, 5.0 (Sumary and Conclusions) presents the significant results of
the supplemental RI survey for each area of concern.

AR304555
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2,0 SUPPLEMENTAL RI FIELD PROGRAM METHODOLOGY

The supplemental RI field and laboratory programs were carried out from
March through September 1986 to refine the nature and extent of ground
water contamination to meet the objectives described in Sec. 1,2, The
protocols and methodologies for the field and laboratory programs were
the same as those used in the initial RI program; these procedures are
described in the following appendixes of the initial RI report (ESE,
19864d):

Apps A~=Geotechnical Investigation Methodology (well drilling and
installation, ground water sampling, water-level
measurements)

App. B--Surface Water and Sediment Investigation Methodology
(sediment sampling)

App. D-=Laboratory Procedures and Data Reduction (chemical analysis,
sample control, dats management)

App, E=-Quality Assurance [Project Quality Assurance (QA) Plan)

These appendixes of the initia)l RI report are not reproduced herein.

The supplemental RI program included water-level observation well
installation, monitor well installation, water-level measurements,
sediment sampling, monitor well sampling, and laboratory analyses of
vater and sediment samples.

2.1 SITE SELECTION RATIONALE

2,1.1 SEDIMENT SAMPLING LOCATIONS

Additional sediment samples were collected during the supplamental RI
program in order to refine the contaminant source strength in the
sediments of Ponds | and 2, the Red Water Resarvoirs, At Pond 1, samples
vare collected at the north end, at the center, and at the formsr outlet

flow structure. At Pond 2, sampling stations were located at the north

and, at the center, and at the former inlet structure, ‘ﬂa ng 0“;556
locations are shown in Fig. 2.1-1, T
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2.1:2 WATER-LEVEL OBSERVATION WELL LOCATION
One additional water-level observation well (OW325) was installed at the
Pond 13/Wet Well Area during the supplemental RI program. The well,
which is located waat of Wet Wall No, 1 and northwest of Well EPAG4, is
completed in the shallow aquifer. The well location was selected to
provide additional areal coverage to aid in the definition of shallow
ground water flov patterns. The observation well location is shown in
Fig. 2.1-2,

-
2.1.3 MONITOR WELL LOCATIONS
Nine monitor wells were installed during the supplemental field RI
program. The locations of all WVOW monitor wells are shown on
Fig. 2.1=3, The site selection rationale for each Phase II monitor well
is shown in Table 2,1-l.

2.2 WATER-LEVEL MEASUREMENTS

Water~level measurements were taken periodically throughout the field
program. One complete set of water levels for all surface water and
ground water stations was collected on Apr. 22, 1986; partial sats of
ground water level measurements were collected on Aug, 11, 1986, and
Aug. 14, 1986, Water levels were measured using either the vetted-tape
method or an electric probe.

AR301,558
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Table 2.1~1. Monitor Well Site Selection Rationale, Phase II Field
Program

Well Designation Selection Rationale

Yellow Water Reservoir

GW27D Located adjacent to Yellow Water Reservoir
near Well GW27; verify presence and thick-
ness of gray clay layer; assess water
quality in deep aquifer; determine vertical
hydraulic gradient,

Shallow well downgradient of Yellow Water
Reservoir; define downgradient limit of
contamination in shallow aquifer,

Red Water Reservoirs

GW45, GW45D Well pair immediately downgradient of Red
Water Reservoirs; verify presence and thick-
ness of gray clay layer; assess water
quality in shallow and deep aquifers; deter-

' mine vertical hydraulic gradient,

GW46, GW47 Shallow downgradient wells; provide becter
definition of ground water flow rate and
direction,

Pond 13/Wet Well Area

owa2s Shallow water-level observation well north-
vest of EPAO4, Provide additional defini-~
tion of shallow aquifer extent and ground
water movement, ‘

GW43 (TNT Shallow well installed adjacent to GW12D,

Manufac- Determine shallow aquifer water quality in

turing northern TNT Manufacturing Area near

Ares) Pond 13; establish vertical hydraulic
gradient,

AR30LS6 -,
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Table 2,1=1, Monitor Well Site Selection Rationale, Phase II Field
Progran (Continued, Page 2 of 2)

Well Designation Selection Rationale

GW48D Assess ground water quality in deep aquifer;
! verify presence and thickness of gray clay

layer; determine hydraulic head in deep
aquifer, Originally intended as a well
pair, the proposed shallow Well GW48 was not
drilled when GW48D encountered only the deep
aquifer, At GW48D, clay deposits extended
from the surface to 75-~foot (ft) depth; the
shallow alluvial aquifer was not presant,

Shallow aquifer monitor well sast of
Pond 13; provide better definition of ground
vater flov rate and direction,

Source: BSE, 1987,

AR30L562
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2,3 WELL INSTALLATION

2.3.1 WATER-LEVEL OBSERVATION WELL

A single vater-level observation well (OW325) was installed at the

Pond 13/Wet Well Area, The borehole was advanced by hand using s
stainless-steel bucket auger, DBorehole logging and documentation
procedures and construstion of the shallow observation well followed the
detailed methodology contained in the initial RI report, App. A, Sec. A.2
(ESE, 1986d). Observation well construction is shown in Fig. 2,3-1,

2.3.,2 GROUND WATER MONITOR WELLS

All monitor wells were constructed in accordance with the Geotechnical
Requirements for Drilling, Monitor Wells, Data Acquisition, and Reports
(USATHANA, 1983). Drilling was performed under contract to Bowser-Norner
Testing, Inc., Dayton, OH, All wells were drilled by Patterson Well
Drilling (a subcontractor to Bowser-Morner), Dayton, OH, using a
Bucyrus-Erie 22W cable~tool drilling rig. Drilling procedures, borehole
logging and documentation, well construction, and well development
specifications followed the detailed methodology contained in App, A,
Sec, A.2 of the initial RI report (ESE, 1986d), A aumsary table listing
materials used in well construction is shown in Table 2,3-1, Typical
well construction is shown in Fig. 2,3-2. Well construction
specifications for all WVOW monitor wells are shown in Table 2,3-1,
Summary data from the monitor well development program are included in
App. A. Well logs are included in App. B.

Joseph L. Leach, a land surveyor registered in the State of West Virginia

(Registration No, 183), surveyed all ground water sampling stations
associated with this sampling and analysis program, In addition,
existing monitor well EPAO2 vas resurveyed for elevation. U,8, Army
Corps of Engineers (CE) benchmarks CA-47 and GA-53 ware used as the
referance markers for horizontal control at WVOW., Vertical control was

obtained from U,S, Coast and Geodetic Survey markers Q104 nniR?ﬁ t}lglg
State Route (SR) 62. Location and description of all temporsry v 3
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Table 2.3~1. Well Construction Materials

11/07/86

Material

Description/Brand

Source/Supplier

PVC Casing
(Monitor Wells)

PVC Screen
(Monitor Wells)

Stainless Steel
Screen (Observation
Well)

Steel Casing
(Observation Well)

Bentonite (Powder)
Bentonite (Pellets)
Sand Pack

Cement

Drilling Water

ho5=inch 0D, Schedule 40,
flush threaded

4.5=inch OD, Schedule 40,
flush threaded, 0,020-inch
slot

1.25~inch 1D, Johnson
Redhead®, stainless-steel
drive point, wire wound,
0,010=inch slot

1,0~inch 1D, external
couplings

Quik~gel® (western sodium
bentonite)

Volclay® tablets (0.5~inch
dismeter)

Best Sand, Grade 430

Portland® Type I, Lone
Star Cement

Glacial outwash (probable--
no vell log available)

Diedrich Drilling
Equipment, Inc.,
LaPorte, IN

Diedrich Drilling
Equipment, Inc.,
LaPorte, IN

Johnson UOP,
Inc,, St. Paul,
MN

Bowser~Morner
Testing, Inc.,
Dayton, OH
(locally
obtained)

NL Baroid,
Houston, TX

Anerican Colloid
Company, Skokie,
1L

Best Sand
Corporation,
Chardon, OR

Louisville Cement
Co., Louisville,

"Doghouse" Well,
located adjacent
to a barracke-
type building,
3,600 ft
northvest of
Ranger Station

Note:

PVC = polyvinyl chloride,

0D = outside diameter,
1D = {nside diameter,

Source: ESE, 1986a.

AR304S65(;
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benchaarks are included in the surveyor's field notes. All surveying
data were recorded in state planar coordinates. All survey calculations,
map location and description of permanent benchmarks, and documentation
of survey closure accuracy are contained in the surveyor's raport

(App. D).

AR304567
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2.4 GROUND WATER SAMPLE COLLECTION PROGRAM

The ground water sampling program consisted of sampling all new monitor
wells and selected existing monitor wells in April 1986, An additional
sampling progran which focused on the deep monitor wells was conducted in
August 1986, The locations of the wells sampled during Phase II are
shown in Fig. 2.4~1, The August program included tine-series sampling of
GW27D and GW27 and routine sampling of additional shallow and deep
wonitor wells, With the exception of the time-series sampling,
single~well nampling fnllowed the procedures described in App. A,

Sec., A.5 of the initia) RI report (ESE, 1986d).

The time-~series sampling program was initiated when low levels of
nitroaromatics were detected in deep Monitor Wells GW27D, GW4SD, and
GWA8D in the April 1986 sacples., A similar situation had occurred in the
initial 1984~85 field program, wherein GW36D (TNT Manufacturing Acres)
contained trace levels of 2,4,6-TNT, It was believed that the lov levels
of contaminanta in CW36D had been carried from the contaminsted shallow
aquifer into the deep aquifer. Resampling of GW36D in April 1986
indicated that no detectable contamination was present in the deep
aquifer at this location,

Resaapling of the deep monitor wells was conducted in August 1986, 1In
addition to the conventional eampling of GWASD, GW48D, and DGHW, time-
series sampling was conducted at GW27D. Well GW27D was puaped
continuously for 48 houra and was sampled st periodic time steps
throughout the pumping. 1In this manner, successive puaped samples
represent ground water quality at increasing distances from the pumped
vell (Keely and Wolf, 1983). The pattern of contaminant arrival,
concentration, and duration provided data relevant to the presencs,
strength, and location of the contaminant source. In addition to GW27D,
GW27 was sampled at similar time steps.

AR304568
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During the time-series sampling, Well GW27D was pumped with a submersible
pump; the pump intake was located approximately 4 ft above the bottom of
the well, Periodically during the sampling, the pump vas slovly raised
while pumping to mix the water coluan in the well bore. Each sanple was
collected with a dedicated bottom=filling 2~inch diameter PVC bailer,

The bailer vas submerged approximately 5 to 10 ft in the water column for
sample collection. The pump was trunning when samples were collected,
Prior to initiation of puaping, a sample was collected in Wells GW27D

and GW27, Since these wells had not been pumped, the water sample may
not have been representative of true aquifer composition.

Sumoary in situ measurements regarding well sampling are shown in

Table 2.4=1, Laboratory analysis methods folloved the procedures
described in App. D of the initial RI report (ESE, 1986d), Details of
sample containers, sample volumes, and preservation techniques folloved
the procedures described in App. E of the initial RI report (ESE, 1986d).

The matrix of parameters analyzed in the ground water sampling program is
shown in Table 2.4=2.

AR304570
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Table 2.4-1, Phase Il Ground Water Sazpling Suumaxy
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Designation pH (uzho/cm) (°c) Equipment+ Removedik

E

PN WO P POV P VMOV VLN BN NROT WO WL
-

OWS S VO WWNIITITOErERPFFEOAONOR OO

PP OO PO PO IOTOOOE W
-

»
w VOO WLm SN UOWOOUVURTOUVDULUVORYTVARLVLOANBITOLD LWL

6
6
6
5
5
6
5
6
5
5
6
6
6
5
6
6
5,
6
5
5
5
5
5
8
6
6
6
5
6
5
6
6

= aLur>

W weawvd>
OO0

~3
=




 C-HVOW, 1/VTB241,2
03/30/87

Table 2,4-1, FPFhase 11 Ground Water Sampling Summary
(Continued, Page 2 of 2)

Parameter* . Well Number of
Well Conductivity Temperature Purging  Well Volumes
Designation pH (usho/cm) (°c) Equipment+  Removadis

E

GW27D-~2
GH27D-~2
GW27D-3
GH27D-4
GW27D-5
GW27D-~6
GW27D-7
GW27-1
GW27.2
6W27-3
GW27-4
GW27.5
GW27-6
GW27-7

'y
o o
coo0Oo0oOTTITTUILO
ooobobb%&%%ooo
*x* %

110
110
102

OO Oh LN ON D D O~ =3 D
robLrTroVEMREYwWOOW
S>>

Augugt 1986 Sampling.-§ingle Well Sampling

G4l 175 14.0
GW44 057 14,0
GW45 . 210 15.0
GW45D . Pk 16.0
GWA7 291 16.0
GWLBD 136 16.0
DGHW 250 16.5

*Measured at end of presampling purging.

+Well purging equipment:

A = dedicated FVC bailsr, € = 2-inch centrifugal punp,
B = 3-inch submersible pump. D = parpanent pump in well,

**Well volume--standing water in wsll casing plus saturated annulus
(30-percent porosity),

HPunping rate of GW27D was B to 9 gallons per minute; GW27 was not
puspad, Note that subsamples 1 through 7 for GW27 were taken
concurrently vith subsaaples 1 through 7 from GW27D,

**Refera to alapsed tine of punping GW27D during time-series sampling.

Note: uzho/cm = micromhos per centimeter,
oC = degrees Celsius,

AR30L572

Source; ESE, 1987,
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Table 2.4=2, Ground Water Sample Analysis Schedule

Well Type of Chemical Analysis*
Designacion April 1986 August 1986

GW22

GH22D -
GH23s -
GH231

GW27 A

GH27D A,B,C,D,E,F,G
GN28 ' -
cw29

GW30

GH3L .
GW32 -

A

AR304573

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

A
A
A
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Table 2,4~2, Ground Water Sample Analysis Schedule
(Continued, Page 2 of 2)

Well Type of Chemical Analysis*
Deasignation April 1986 Auguat 1986

GWAS A

A,B,C,D,E,F\G

A
A,8,C,D,E,2,6

A -

DGHW Iy ' AB,C,D,E,7,C

* A = Nitroaromatics {nitrobenzene, 1,3~dinitrobenzene (1,3-DNB},
1,3,5~THB, 2,4-DNT, 2,6-dinitrotoluene (2,6~DNT), and 2,4,6-TNT],
B = Nicrite plus nitrate as nitrogen,
C = Total alkalinity,
D = Bicarbonate alkalinity,
E = Bicarbonate ion,
F = Carbonate alkalinity.
G = Carbonate ion,
== = Not sampled,

Source: BSE, 1986a.

ﬂR3UhSZh
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2,5 SEDIMENT SAMPLE COLLECTION PROGRAM

As stated in Sec, 2,).1, six sediment samples were collected in the Red
Water Reservoirs, Sediment samples were collected by using a
stainless=steel bucket auger. Vertical composite samples were collected
in each borehole at an interval below that which had been ssmpled in the
initial RI field program. The purpose of the sampling was to provide
addit ional data regarding the vertical distribution of nitroaromatics and
to refine the contaminant source strength at Ponds 1 and 2, Sample
handling, sample containers, volumes, and preservation techniques
followed the procedures described in App. E of the initisl RI report
(ESE, 1986d). Bediment samples were analyzed for nitroaromatics as
described in App. D of the initial RI report (ESE, 1986d),

AR304575
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3.0 GROUND WATER HYDROLOGY

3,1 REVIEW OF AREAWIDE HYDROGEOLOGY FOR THE ACIDS AREA/YELLOW WATER
RESERVOIR, RED WATER RESERVOIRS, AND POND 13/WET WELL AREA=-FHASE 1
SURVEY

3.1,1 AQUIFER CHARACTERISTICS

In the Phase I RI field program, a number of distinct hydrogeologic flow
systems were characterized at WVOW, In the Acids Area/Yellow Water
Reservoir, the shallow aquifer consists of a medium- to coarse~grained
sand containing approximately 5- to l0-percent gravel, This sand is
overlain by a silty clay layer varying in some areas to clay and ranging
in thickness from approximately 10 to 15 ft, The sand aquifer is uniform
in texture and gradation throughout cﬁe area, Two apparently
discontinuous clay and silty clay layers were observed in monitor wells
screened in the shallow aquifer beneath the Acide Area/Yellow Water
Reservoir area. The clay layers do not form a continuous confining
layer, and the sand aquifer exists in an unconfined or semiconfined
state. In deep monitor wells drilled at the adjacent north and south
poverhouses, a gray clay with textural and physical characteristics
similar to the gray clay confining layer observed in the first operable
unit (INT Manufacturing Area and Burning Grounds Argn) vas encountered,
At the Red Water Reservoirs, surface sediment consists primarily of silty
clay extending to a 10- to 15-ft depth, At two of the monitor wells, the
clay is overlain by a medium-grained sand. A second sequence of clays
and silty clays is present and varies in thickness from 2 ft at GW29 to
20 fr at GW32, As shown in the geologic cross section for the Red Water
Reservoirs, a high degree of lithologic variation (both areally and
vertically) is present at this area of concern, Sand and clay units are
both generally discontinuous over this area of concern with the exception
of one continuous water~bearing sand unit (the shallow alluvial aquifer)
at elevation 580 feet above mean sea level (fe-MSL),

AR304576
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In addition to the wells drilled in the vicinity of the Red Water
Reservoirs, five wells were drilled along the red water sewerline, In
these wells, the top 2 to 5 ft of sediment consista of fine-grained
materials, below which are fine~ to coarse-grained sands, At one well
pair, GW25 and GW25D, a silty fine sand was present from the surface
elevation of 634 ft-MSL to elevation 606 ft-MSL, A silty clay confining
layer occurred at elevation 591 fe-MSL., Below this clay, a second water-~
bearing sand unit occurred until the well was terminated at elevation
573.5 fr-MSL,

At the Pond 13/Wet Well Area, two markedly different hydrogeologic
environments are present in the area surrounding Pond 13, At Pond 13,
near-surface sediments consist of a thin veneer (5 to 10 ft) of sandy,
silty clay underlain by a permeable, water-bearing shallov squifer. At
GW231, the shallow aquifer is underlain by a thin clay layer, the areal
extent of which is unknown, A second sand layer occurs below this clay .
layer; below this second sand layer, interbedded fine-grained sediments
are present, In the lowermost portion of GW23I, the same gray clay as
noted in the TNT Manufacturing Area was encountered, although the
borehole extended only a short distance into the clay,

In contrast, the sediments encountered at nearby Wells GW22 and GW22D
indicate & markedly different hydrogeologic environment, At these wvells,
the first permeable zone was not encountered until 526 fr~MSL,

approximately 60 ft below ground surface, The gray clay confining layer
is prnlnnt.besinninx at 560-ft MSL and extending 25 ft in thickness, The
distance between GW23X and GW22D is approximately 300 ft, Tha actusl
boundary between these two lithologic and hydrogeologic environments is

not known,

The shallow aquifer at the Acids Area/Yallow Water Reservoir and the

shallow aquifer along the red water sewerline are similar th&mi577

and textural characteristics and represent similar depositional environ- )

ments, At Pond |3, the physical characteristics of the shallow sand C:i}
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aquifer in the immediate vicinity of the pond are similar to the INT
Manufacturing Area shallow aquifer; however, the hydrogeologic environ-

" ment changes abruptly to an extensive clay deposit at ground surface at
cW22,

In the deep monitor wells drilled throughout the site, the majority of
wells were screened in sediments of alluvial origin (e.g., GW25D and
GW12D), Several wells such as GW21D and GW32D encountered glacial
outwash material. According to published information (Wilmoth, 1966),
the glacial outwash aquifer represents a single, continuous aquifer
system. However, given the limited number of wells which penetrated the
glacial outwash aquifer throughout the site during the Phase I
investigation, it vas not poasible to verify this information,

3.1.2 GROUND WATER/SURFACE WATER INTERACTION

The interaction of ground water flow systems with surface water flow
throughout the site was assessed in the initial RI survey by the use of a
strean gaging program coupled with information obtained from sslected
monitor wells installed adjacent to surface water drainage flow systems,
For those areas on the site with adjacent surface water gaging stations
and monitor wells, comparison was made between surface vater station
elevations (from staff gage data) and the first permeable layer
encountered during monitor well drilling, These data are pressnted in
Table 3.1-1, For comparison purposes, surface water station elevations
from measurements collected on Oct, 16, 1984; Jan, 7, 1985; Mar, 11,
1985; and Apr, 22, 1986, are included, These data show that the range of
surface wvater elevations varies less than 3 ft throughout the study,

The extensive surficial clay deposits found in the southern portions of
the site are not present in the northern portion; hovever, surface water
slevations at stations MCl, MC5, P2, P3, and P13 are identical to or

lover than the elevations of the first permeable layer encountared in qie
adjacent monitor wells, However, during the October 1984 g A 10w
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Table 3.1=1. Cooparison of Surface Water Station Elevations and Elevations of First Perneable
Layer Encountered in Adjacent Monitor Wells

Elevation of
Surface ' Adjacent Permeable
Area of Station Elevation of Surface Water (ft-SL)  Monitor  Layer

Concern  Identification 10/1678) O1/01/65 O03/LI/8S OW/22/66 Well  (ft-¥EL) AW

Red Water
Reservoirs 58,5 58,4 58,9

Red Water
Reservoirs 581.9 5821 582,7

Acids Ares/ 5961
Yellow Water
Reservoir

Red Water
Reservoirs G0 591.8

Red Water
Reservoirs ol 606.9

Pond 13/ ons/ 5864/
Wet Well Area ¢k} 585.2

*AX = (surface water station elevation) - (elevation of first permeable layer encountered in
zonitor well construction),

Sources: ESE, 1986a, d,

AR304579
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was occurring at Station MC5 (Acids Area); therefore, baseflow into this
system was negligible at this station although an interconnection between
MC5 and the permeable layer encountered at GW28 would be expected based
on elevation comparisons with GW28, No flow was observed downatresm at
MC3, At the Red Water Reservoirs, the water-table elevation at GW3l
(adjacent to P2) during a high~flow period vas 18 ft below the elevation
of surface water at P2, At Pond 13, surface vater levels were coincident
with the observed water levels at Wells GW23S and GW231,

The hydrologic interconnection present from the intersection of surface
drainage with the permeable strata at these portions of the site suggests
that, as ground water elevations increase, a significant ground water
compoﬁent should be present in flows observed in Mill Creek,

In most ponds at the site, ground water discharge into the ponds or
recharge by the ponds into the ground water is also substantially
minimized by the presence of extensive clay deposits in the pond bottoms,
Sediment grab samples (approximately 6 to 8 inches in depth) and sediment
core samples (1 to 3 ft in depth) in the ponds consisted primarily of
stiff clay with a thin, overlying layer of decomposed, organic, detrital
material, In pany cases, field observations indicated that the bottom
portion of even the shallow (6~ to 8-inch) core ranged in moisture
content from dry to slightly moist, whereas sediments in the top

1 to 2 inches of the core were wet, During the October 1984 gaging, no
surface water outflow was occurring from any of the ponds, Because of
the lack of interconnection with the ground vater, the potential for
input to or output from the ponds is generally small. However, rising
ground water levels and surface runoff during a wat season greatly
increase the potential for ground water discharge to the northern ponds.

In the northern portions of WVOW, the Mill Creek flow system raceives

. ground water discharged during high~-flow conditions, The Mill Creek
stations are downstream from both a trestment plant and Po“lﬂs.o wala
in located immediately upgradient of the Red Water Resarvoirs, The — °
results of the Phase 1 RI atudy indicate that Pond 16, through leakage,
recharges the shallow aquifer at the Red Water Resarvoirs, ARBOL\@XO .
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3,2 QVERVIEW OF METHODOLOGY AND AQUIFER CHARACTERISTICS EMPLOYED IN THE
PHASE 11 SURVEY

The purpose of the hydrogeclogical assessment was to characterize the
ground vater flow system(s) at each area of concern to identify
characteristice relovant to the definition of contaminant migration
pathways, The overall objectives of the hydrogeologic program by ares of
concern are presented in Sec. l.l.

The hydrogeologic analysis is presented on an area-by-area basis for the
areas of concern at WVOW, In each subsection, results of the
geotschnical program are pressnted to characterize the individual
aquifers present at each area of concern, lescribe aquifer properties,
and assess contaminant migration pathways.

For an overall perspective of the monitoring network installed at WVOW,
the locations of observation wells are shown in Fig. 3.2-1, and the
locations of monitor wells installed by ESE and EPA and municipal/
domestic supply wells are shown in Fig., 3.2-2. To identify aquifers
present at each ares of concern, the data produced during the drilling
program were used to prepare geologic cross sections for each area of
concern, The locations of the geologic croas sections for the overall
project ares are shown on Fig, 3.,2-3, Well construction summaries for
each of the nonitor wells are shown in Table 3,2-1,

Water-level measurements vere taken for all observation wells and monitor
vells throughout the study for determination of hydraulic gradients.
Ground water elevation data are sumaarized in Tables 3,22 and 3.2-3,

Various methods of aquifer testing were employed in the Phase I study to
determine aquifer characteristics at each area of concern. The aguifer
testing progrsm encompassed all areas at WVOW. Since the Phase I data
base provided sufficient data at the Acide Area/Yallow Water Reservoir,

Red Water Reservoir, and Pond 13/Wet Well Area, additional aquifer
AR30458]
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Table 3.2-1, Monitor Well Construction—Phase I and Phase II

Total Depth of Fileer Type of
Well Installation Borehole Casing and  Screened Pack Bentonite  Drilling
Designation Datet Depth Screen Interval Interval Intarval Rigt

Phase 1 Monitor Wells

10/24-10/25 To,1-89.7 6469

10/25-10/25 13,35-28,35 9

10/21-10/22 31,546.5 21,526.5
10/2-11/27 51.98-66,48 4146

11/06-11/07 28,841.8 1.5
10/29-10/31 7-81 $8-64

10/29-10/29 14,2-9.2 59

10/27-10/27 19,2-3%.2 914

10/26-10/27 67,7827 %.5-61,5
10/16-10/16 16,55-31.55  11,25-31,55  6,25-11,25
10/15-10/16 Tls-B.85 -2

10/17-10/17 2=y 1537

10/19-10/21 BASHdS TS

10/21-10/22 240 2040

10/19-10/19 -4 12424 Tdel24
/31114 0.0%.0  B5%0 385

10/24-10/2% 10,353 55%5 2355
10/24-10/% 12020 728 27

11/15-11/15 40-4,0 3155 13

10/16-10/18 16508 ISR 65IL5
10/16-10/18 288 1.630.8 118108
10/25-10/25 157-8.7 1021 5,7-10.7
11/07-11/08 W19, 4060 3540

10/13-10/14 55,66 S0 4550

10/06-10/12 90,75-105,75 £5.75-105,75 80,7585, 75
10/30-10/%0 4545 H6 13

10/30-10/31 9SS ASBS LSS
1/0t-11/01 54,5 15

n/-L/ _ 9-29 [

11/06-11/11 %60 B

1/02-11/02 823 38

10/20-10/21 15540 105185
11/02-11/02 52,5 15

10/16-10/17 Bbd) 4B
10/16-10/18 0,541 15,5205
10/17-10/18 2,547.0 16,5215
10/18-10/20 151 10-15

U/%-11/% 5166 46-66
12/01-12/01 was o5 A m l\'f 9 §

=

ESESESSEE

c
c
¢
¢
¢
¢
¢
c
c
¢
c
¢
¢
A
c
A
A
A
A
¢
¢
A
¢
¢
c
A
A
A
¢
c
A
A
A
A
A
A
A
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Table 3,2~1. Monitor Wel) Construction—Phase 1 and Phase 11 (Contimued, Page 2 of 2)

Total Depth of Filter
Well Installation Borehole Casing and  Screened Pack
Designation Datew Depth Screen Interval Interval

Phase I Monitor Wells (Continued)

M We-ll/1e 3.5 14,5365 8,535 38,5
GW34D WIz-1t/14 L4 99-114 87-114 82-87
Gm 10/31-11/01 “-5 290’4“05 2/0.5"0‘0.5 1915‘%!5
G360 W21/ 928 77.8-92.8 12928 67-72
&7 1/12-11/13 - 35,0 2,535 17-2.5 11-17
G38 1/05~11/06 36,0 17,5-32.5 12-% 712
o9 11/06-13/07 32,0 10-% 1.5-2 2,515
GWi0 IWie-ll/16 385 2,333 16.5-38.5 11165
Q0D naeNnr 05 70.5+90.5 65-90.5 60-65
a%l 11/03-11/03 11-26 &2 L56
G2 11/08~11/08 9.3-24.3 2 1-5

>>20O0>>>>0>0>

Phase I Monitor Wells

G270 3/30-4/1 87.5-102.5 81-104 76-81
GH) 312-3/12 20-35 16,7-35.5  9,7=14,7
Gy Af2-412 20-3 15-36,5 10-15
(] 3/16-3/17 5,0 40-55 32-56,5

GH5D 3/133/16 91-106 83,5-106,5

b 3/17-3/18 40-35 56,5

a7 4/2-4/3 43-64 ]

GWABD 321-3/23 87-107 81-110 7681
GH9 18319 19-% 13,5-36.5 &13,5

- Y- N -N - N -N-N-N W]

Note: All measurements are feet from ground surface,

“hhase I monitor wells were installed in 1984; Phase II wells in 1986,
1Type of drilling rig:

A = holiow=stem auger, and

C = cable tool,

Sources: IESE, 1986a, d,

AR304586
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Table 3.2-2, Ground Water Levels for Monitor Wells—Phase 1 and Phase I1

Ground Water Elevations (fr-MSl)
After .
Well Before Development
Dasignation Developrent  (%=hour)  01/07/B5%  03/11/85  4/22/86% 08/11/861

Phase 1 Monitor Wells

(]} 568,90 570,21
566,18 586,47
587,46 589,25
513.20 574,67
574,85 576,09
566,97 568,04
57474 576,85
564,08 566,69
566,18 57,71
595.3 59,3
585,26 586,27
595,85 595.88
589,43 590.61
5,38 5%2.70
594,43 5%.38
593,47 593.61
593,89 594,30
592,54 593,03
614,09 615.19
595.73 59,73
596,37 59,58
565.92 3.2

Floving 580,76
587443 588,47
Flowing 389,35
588,08 568,66
588,56 589,18
615.68 616,38
616,23 616.88
597.15 5%,
612,78 613,71
597.15 597.3%
595,84 5%.80
576,07 515,83
581,86 581,41
62,28 582,78
579.81 580,66
576.79 57186
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Table 3,2-2, Ground Water Levels for Monitor Wellp—Phase I and Phase II (Continued, Page 2 of 2)

Cround Water Elevations (fB-MSL)

After

Vell Before Development
Designation Development  (24~hour)  01/07/85%  03/11/85  4/22/86% 08/11/86¢

Fhase 1 Monitor Wells (Continued)

568,59 569.59

59413 $%.93

587.03 583,33

564,11 563,46

574,84 575.23

594,76 3%.31

580.19 58192

* 578,41 571,66

595.12 594,72

59,61 593,51

581.50 8142

593.82 59,16

37 1)} 11t 1t
EPAO2 11t 11t
EPAD3 11t i
EPA4 1t 1t

Prase 11 Monitor Wells

Q3 595,02 5%.97
Ll 59,98 3%.%
G5 571.% 571.68
GHi5D 57.74 367,63
(e ) 57.61 %7.56
GH7 562,85 52,35
GNSD | 589.47 389.45
9 589,56 589.41
aRm 595,62 39,78

#Seabilised ground weter citcuit,
{Wells G529, G0, GOI, GWD2, GWA2D, GMSD, GWi6, GW7 measured on 8/164/86,
#AProbable messursmstt error,
11Not measured,
wivor a H~hour measrenert.
1#{Existing vells, not developed. AR30L 5 8 8

Sources; ESE, 1986a, d.
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Table 3.2-3, Ground Water Levels for Observation Wells—Fhase I and Phase 11

Well Ground Water Elevation (ft-MSL)
Designation  10/10/84  10/25/84  11/18/84  01/07785%  03/11/85 Ou/22/86%

0018 596,23 5%.93 596,63 596,70 596,91 591,19
025 593.20 592,46 593.17 603.66 604:24 600,44
031 569,14 568,% 569,62 573,69 5140 571,78
Q04D 566,19 566,05 566,39 567,09 568.08  567.00
L] 565,95 565,91 566,34 569,10 567.27 568,24
7S 590,21 590,22 59,17 589.43 568,39 589,49
0N08S 590.92 590,81 590,85 596,26 5%.30  5%.52
O¥098 574465 574,35 5%.74 571.09 578,95  578.64
o108 570,89 571.08 571,65 573.3% 573,35 52,83
oS 596,851 605,78m 59,59 596,42 59%.66  59.42
o128 596,06 586,91 589,52 391.16 592,59  592.18
o131 595.01 584,92 59%.83 59456 595.17  5%.67
OWl4D 583,20m% 596,07 592,25 593,75 5%.01 - 5%.80
158 593.74 593.70 593.65 593,65 59,26 593.84
w168 597,00t 59n.20 597,04 596,80 59149 59%.76
7S 595,711 595.64 595,49 595.41 595,97  5%5.41
W81 5%.93t 595,79 59,73 59.48 595,03 59546
19D 593.54¢ 595,09 595,05 594,80 39498 595.84
oS 594,59 5%.53 5948 594,32 59,47 58,49
o215 594,36 5%.24 594445 59507 594,66
o228 5947 59%5.14 59,87 5%.98 595,14
o238 592.72 592.71 5929 593.16  592.69
OW245 616,87 616,682 617.03 617.70-  617.9%
w255 616,37 616.97 616,27 616.98  617.42
0W26D 597.77 597,66 597,74 597.9%  600.7
o278 617,19 617,01 617,09 612,76 618,14
o288 59.90 596,80 597,25 597,09 597,40
o298 612,76 612,66 613,16 61445 614,58
04300 59,03 596.87 . 2 597.62 591,48
anls 613,46 613,32 613,81 616,10 615,76
G325 1t 1t 1t 1t 586.99

*Stebilized ground water circuit,
{Taken October 11, 1984,
*AProbable measursmert arror,
11Not measured.
wisFhase 11 cbservation well,

Sources: ESE, 1966a, d. ﬂR301'589

Pac
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testing was not conducted during the Phase II supplemental RI field
program. The following paragraphs describe the methods employed in the
Phase T survey to derive aquifer characteristics.

Hydraulic conductivity was assessed for each area by employing slug tests
and falling~head parmeability tests and by using Hazen's rule, Data
obtained from alug tests of selected shallow and deep wells throughout
the site vere analyzed using an ESE-developed, computer-assisted data
manageaent program to tabulate and plot data and calculate hydraulic
conductivity using methodology described in Hvorslev (1951) and in Bouver
and Rice (1976), Calculated values for hydraulic conductivity are shown
{n Table 3.2-4,

In addition to the slug tests, alternative methods of calculating
hydraulic conductivity were employed for comparison purposas. For 10 of
the 20 vells evaluated by slug tests, composite ssdiaent samples were
obtained during drilling from the screened interval for each well, The
composite samples vere analyzed for moisture content, grain-size
distribution, and falling-head permeability. Three triala of falling-
head permeability vilues were arithaetically averaged for hydraulic
conductivity, Individual values for the tests and average values
(arithaetic means) are shown in Table 3,2=5, Grain-size distribution was
determined by sieve analynis; from the grain~sisze distribution plot,
hydraulic conductivity estimates were determined using Haxen's rule
(Hazen, 1892), Hazen's method is applicable for uniformly graded sands
and is essentially an empirical relationship which is based on the
following power-lav relation batween conductivity and soil texture:

AR30%4590
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Table 3.2+, Sediment Hydraulic Conductivity Properties

fydraslic Conductivity (fc/sec) Moisture
Vell Slug Tests . Content
Desig= I=8lug In Boser ad  lworsley Permameter Hasm's (percent of

nation O = Slug Ouz Rice Method  Method Test¥ Rulet dry wight)

a4 18x1075 25x100

LSx108 22x108

Lax10% 18x10%

LOox 105 15210

LAx10% 58x10%  2.8x 107 12n10%

27%10% 4610 - -

7.8x106 10x10%  2.3x 107 5.2 x 107

7.8x 1076 9,3x 1076 - -

LIzl 31x10%  2,0x30%  46xl0%

8.0x 105 1,1x10% - -

1.0x 1% 1,8x10% - -

Lix10% 1.8x10% - -

LIx10% 33xi0%  5.6x100 2.7 x 0%

19x100% 25x1079 - -

24%105 44x10%  1,6x107 -

23x10% 3.8x107% - -

LOx10% 23x10%  L2x10% 40 x 107

L% 0% L8x 10 - -

27x0% 31x10%  9x10 7a2xi0¢

L0 1% Lax 1o - - -
L9 x4 21 x10% - - -
2:2x10% 2,0x 107% - - -
32x10% 38x10%  2.3x100  2.8x10% %.8
26x 0% 35x10% - - -
LIxI% 3,0x10% 29x10% 7.2x 104 n.5

L6x 1% 22x10% - - AR301;5$|

a6

Gil0

1
0
1
0
1
0
1
0
1

0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
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Table 3,2, Sediment Mydraulic Conductivity Properties (Continued, Page 2 of 2)

aulic Conductivity (£t/asc)
Well Slug Tests
Desiz- I=Slyg In Douwer ad Ivorsley Permsamter Hazen's
nation O = Slug Out RiceMethod  Method Toat* Rulet

69x106 1.0x107

39x10% 5,7x10%

192105 391079

L7x10% 24 x 107

912105 39x10

33x 1075 Laxlod

532100 5.1 x108

39x10% 40x 106

6100 49 x 1070 - -
32x10% 4.0x 1070 - -
40x10% 61x10%  L7xi0% 1,0 x 1073
45 x10¢ 63x 100

26 x10% 4.6 x 107%

30x10% S.1x 109

I
0
1
0
1
0
1
0
1
0
1
0
1

Note: — = Not malyzed,

*Falling-head permesbility test [U.5. Amey Engineer Watervays Experinent sutim (wes), 1970).
Average of 3 trials except for aus (average of 4 trials),

thydraolic conductivity K = Ajo?, vhere: A = 1,0 vhen K is in contimeters per uund (ow/oec) and
dg% ;n in willineters (sm); valuss converted to feet per second (ft/sec) (Freere md Cherty,
1 L]

Source; BESE, 1987,

AR304592




Table 3,2-5, Physical Analysis of Aquifer Sediments*

D-NOH-RI-SUP, 1/VIB325. |

10/27/8 }

Well
Denignation

Moisture Content

Percent of

Dry Weightt

Percent of
Total Weight

Permeability (cm/sec )t
Trial 1. Trial 2 Trial 3 Avarage

10
GA10D
A5
19
W3l
25
GH25D
Gi27
W0
o7

2.5
H )
2.9
2,9
%.8
2,5
28,7
%.8
0,5
2.3

18,4
17,6
18,6
2.2

18,9

9.0 x 10%
7.3x 1074
7.7x103
L2x 103
3.5 x 106
3.8x102
2,1x 1073
9.1 % 107%
86x 103
47x 103

8,3 % 10%
7.0x 10
5.8 x 1073
19x 103
5.6 x 1076
3.5 x 1073
2,6 x 1073
Lix103
8.8 x 1072
5.7x% 1073

8,6 x 10
6.9 x 107%
50x 1072
19 %1072
5,2 x 1076
3.3x12073
24 x 1073
1,6 x 1673

9,7 x 1073

551073

8.6 x 1074
7% 10
6.1 x 10
L7x 1073
48 %108
35x 1073
2.4 x 10
1.0x 107
9,0 x 1073
53% 1073

*Composite smmple of sediment from the screened interval for esch well obtained during drilling,
Methodology for moisture content and falling-hesd permeability test from U5, Army Engineer WES,

1970,

*Foc GWI5, four trials wete condicted, and the permeability for the fourth trial was 6,0 x 1073,

Source: ESE, 1986d.

AR30L393
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K» Adloz

where: K » hydraulic conductivity {em/zse);
A = coefficient, equal to i,0 when K is in centimeters per
second and d is in millimeters; and
djo = grein-size diameter (mm) at which 10 percent by weight
of the soil particles are finer and 90 percent are
coarser,

Hazen's approximation provides a rough estimate of hydraulic conductivity
vhich can be used to confirm other methods of analysis (Fresze and
Cherry, 1979), Hydraulic conductivity values obtained by this method are
included in Table 3.2-4,

The physical analysis prograc also included moisture-content analysis,
Methodology followed procedures described in U,S, Army Engineer

Manual 1110-2-1906 (1970), The moisture~content values obtained are
listed in Table 3.2-5; values for moisture content by dry weight can be
used aa an estimate of aquifer porosity (Fetter, 1980), For the purposes
of the RI, moisture content values were employed in ground water flow
rate calculations and were assumed to be equivslent to aquifer effective
porosity.,

The various methods described resulted in relisble estimates of hydraulic
conductivity and porosity of aquifer materisls which can be ewployed in
contaminant migration rate calculations. The values obtained are
measureaents of aquifer properties in the immsdiute vicinity of the well
bore (in the case of slug tests) or are values obtained from analysis of
material from individual boreholes (physical analysis program), As such,
the aquifer parsmsters obtained do not necessarily reflect areswide
aquifer properties and should be considered accurate only to within one
order of magnitude. As noted by Bouwer (1978), ",..it is not uncommo
find that replicate tasks in seemingly uniform material yield Mﬁmn ggh
that differ by an order of magnitude, sspecially if the material has a
low permeability."
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* 3,3 ACIDS AREA/YELLOW WATER RESERVOIR
3,3,1 REVIEW OF PHASE 1 RI RESULTS
As determined in the Phase I RI study, a single shallov sand aquifer
under unconfined, or possibly lni-conﬁn;d. conditions is present in
this study area. The presence of the gray clay in this area could not be
deternined because no deep wells vere drilled in the imaediate vicinity
of the Acids Ares/Yallow Water Resarvoir, In addition, the Phase I
conteaination assessment determined that the shallow aquifer in the
vicinity of Wells G¥27 and GW4! was contaminated by low levels of
nitroaroastics, The nearest downgradient ahallow aquifer wall, GW42, was
uncontaninated; however, the downgradient extent of shallow aquifer
contsmination could not be verified, )

3,3.2 PHASE II RESULTS

To better define the horisontal extent of shallow aquifer ground ;:n:er
contamination, the Phase II investigation in this area included the
installation of one additional shallov monitor well, GHbh, As shown in
Fig. 3.2-2, this well was located approximately midway between the
contaminated shallow well, GW27, and the nearest uncontaminated shallow
downgradient well, GWA2. 1In addition, Well GW27D was drilled adjacent to
Well GW27 at the Yellow Water Reservoir to verify the presence and
thickness of the gray clay layer and to monitor ground water quality in
the deep aquifer below the praviously documented contsamination in the
shallow aquifer. It should be noted that Well GW27D vas originally sited
a8 44D to avoid drilling through a high=risk area, Howaver, due to
problems with access, the well was relocated and the well designation was
changed to 27D,

Based on the information cbtained during drilling of GW27D and GW44, two
geologic cross sections were prapared, As shown in the geologic cross-
section index map for the Acids Area/Yellow Water Reservoir (Pig, 3,3-1),
cross section A-A' extends approximately west~east, and cross ]
section B-DB' extends approxinately northwest-southeast. These Qﬁgobfsgab
sections are shown {n Fig, 3,3-2 and Fig. 3,3-3, respectively,
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GWa4 is complated in the shallow aquifer. The physical characteristics
of the shallow aquifer at GW44 wera similar to those encountered at the
venaining shallow monitor wells. These shallov sand aquifers are uniforn
in texture and gradation throughout this ‘fll and represent a cont inuous
unconfined, or possibly semiconfined, aquifer,

Below the shallov sand aquifer at GW27D, a stiff gray clay, similar in
textural and physical characteristics to the gray clay confining layer
seen elsewhere at WVOW, was encountered at elevation 556 ft-MSL. The
gray clay extends to elevation 533 £t-MSL, consistent with the thickness
observed at the nearby poverhouses in Wells GW34D and GWAOD, Prom
elevations 533 to 507 ft-MSL, a deep aquifer primarily of sand with
occasional interbedded clay lenses was encountered. At depth, this
aquifer consists of typical glacial outwash sediments, At elevations 507
to 506 ft-MSL, bedrock was encountered, consisting of ssndstone. The
bottom of Well GW27D was situated at 506 ft-MSL.

Ground water lavel data collected during both phases of the RI survey for
monitor wells in the Acids Area/Yellow Water Reservoir are presented in
Table 3.2-2, During the Phase II investigation, vater lavels ware
maasured on Apr. 22, 1986, and Aug. 11, 1986. For the purpose of this
discussion, ground water levels measured on Apr. 22, 1986, will be
employed for ground water movement calculations. Pig. 3,3=4 and

Pig. 3.3~5 reprasent 2-dimennional plots showing ground water contours
measured on Apr, 22, 1986, and Aug. 11, 1986, respectively. The data
indicate that ground water flow is primarily to the wast in the Acids
Area/Yellov Water Reservoir, consistent with conditions observed in the
Phase 1 investigation. '

The approximate horizontal ground water flow rate can be calculated using
the data and the aquifer values in the Phase I studies by employing the
ground water flov equation:

oy
G

AR304599 O
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K
Ve oK i
where: V = ground water flov rate (ft/sec),
Kk = hydrautic conductivity (ft/sec),
n = gffective porosity (dimensionless), and
i » hydraulic gradient in feet per foot (£t/ft).

-4
- IO telene (5 5 1074 fe/te)

® 1.2 x 1076 ftfeec

» 0.1 foot per day (ft/day)

The water levels measured on Apr. 22, 1986, correspond to a hydraulic
gradient (i) of 1 ££/1,740 £t for 5.8 x 10°% ft/fr, Ground water
velocity is calculated at 0.1 ft/day, which is the same rate of
horizontal ground water flow observed in the Phase I study,

A vertical gradient for the Acids Area/Yellow Water Ressrvoir can be
astimated by utilizing the head relationship observed at the well pair
GW27 and GW27D, In this case, the hydraulic gradient employed ie taken
as the head difference of the well pair divided by the distance betvaen
the midpoints of the respective saturated filter packs, The vater levels
observed on Apr. 22, 1986, were used in this calculation, The water
level obsarved in GW27 on Apr, 22, 1986, was 0.67 ft higher than that
:obolrvud in Wall GW27D. The corresponding downward vertical gradient,
therafore, is 0.67 £t/63.74 ft, or approximately 0,01, Vertical
permesbility through the gray clay layer was not directly calculated; it
should bs noted that the stratigraphic interval batwasn these two

aquifers consists of the gray clay confining layer which hﬁhﬁdhﬂgoz
and would be expected to have a very low K value, If a val e

- 1 % 10°7 fc/sec and an affective porosity value of 0.50 are assumed for
\-:> the clay, vertical flow rate would be calculated as follows:

3-27
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X
V'Exi

1 x 10~7 fe/aec )
e N M (0,01 fe/fe)

= 2,0 x 10”9 ft/aec
» 1,7 x 107% fe/day

It can be concluded that a ainimal vertical €low potential exista in the
Acids Area/Yellow Water Reservoir. Furthermore, given the physical
characteristics of the gray clay and its spparent continuity throughout
the site, it is concluded that the clay acts as an effective barrier for
verticsl migration and should preclude any contamination of the shallow
aquifer from migrating to the deep aquifer,

Horigzontal ground water flov in the deep aquifer in the vicinity of the
Acida Area/Yellow Water Reservoir has been determined using the water
levels measured on Apr. 22, 1986, at Wells GW27D, GW34D, and GW4OD,

Since the ground water flow direction has bsen determined by analysis of
water levels at only three obaervation points, a ground water contour map
has not baen prepared. The diraction of ground water flow based on this

analysis is north-northwest; the flow direction is {ndicated by the arrow
shown in Fig, 3.3~4,

The approximate horizontal ground water flow rate in the deep aquifer can
be calculsted using the wvater lavels of Apr, 22, 1986, coupled with
aquifer values from the Phase I investigation. S8ince the three water~
level measurements essentially define a plane, an estimsted gradient was
established based on the vater-level alevations, The ground water flow
squation would bs applied as follows:

1304603
AR30HE0 c
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V-E-xi

-6 y
o b x U0 fe/ese (3,55 1073 ge/te)

= 7,0 x 10”8 fe/nec
» 6.0 x 10°3 fc/day
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3.4 RED WATER RESERVOLRS

3.4.1 REVIEW OF PHASE I RI RESULTS

In the Phase 1 survey, the geologic setting of the Red Water Reservoirs
area was defined using lithologic information obtained from three wells
located adjacent to the reservoirs (GW29, GW30, and GW3l), a well pair
located south-southwest of the reservoirs along Mill Creek (GW32 and
GW32D), and one well located west of the reservoirs where Mill Creek
crosses SR 62 (GW33). A shallow aquifer is present at the Red Water
Reservoirs consisting of a nedium to cosrse sand, which is overlain by
silty clay surficial sediments. At GW30, GW3l, and GWI2D, the shallow
squifer was underlain by the gray clay confining layer. The thickness of
the clay was 13 ft at GW32D,

The Phase 1 survey established the general hydrogeologic setting in the
vicinity of the Red Wator Reservoirs. General direction and rate of

horizontal ground water flow in the shallow aquifer veri deterained,

However, the Phase I monitor well network was installed on the assumption
that shallow ground water flow was to the southwest toward Mill Creek.
Ground water flow defined in the Phase 1 survey indicated that shallow
ground water flow direction was to the northwest toward SR 62 and the
Ohio River, Given this direction of ground water flow, no shallow
monitor wells were present downgradient of the reservoirs, Ground water
flow rate and diraction were defined only for the immediate vicinity of
the reservoirs, since no apnitor wells were located at s substantial
distance dowrgradient (northwest), 1In addition, no deep monitor wells
were installed at the Red Water Reservoirs to define the vertical
hydraulic head relationships or to verify the presence and thickness of
the gray clay confining layer,

3.4,2 PHASE 11 RESULTS
To address the dats gaps at the Red Water Reservoirs, s comprehensive

Phase 11 hydrogeologic program was implemented in this ltua R@G [;‘@ﬁﬁ
shallov monitor wells (GWA5, GWAS, and GW4?) were installed dowmgradient’

ARIDARS
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of the Red Water Reservoirs (see Fig, 3,2-2), To determine shallow
aquifer water quality and to provide water-level data, GW46 and GWA7 were
installed at the McClintic Wildlife Station property boundary., In
addition, a well pair (GWA5S, GWASD) was installed immediately
downgradient and sdjacent to the Red Water Reservoirs, Well GW45 wvas
completed in the shallow sand aquifer to assess water quality immediately
downgradient of the reservoirs and to detarmine water levels in order to
refine ground water flow direction and rate., Well GWASD was installed
adjacent to GWA5 and was completed in the deep aquifer to monitor water
quality in the potable aquifer, verify the presence and thickness of the
gray clay layer, and determine the vertical hydraulic gradient,

In addition to monitor well inatallation, additional sediment samples

were collected in Pond ! and Pond 2, The purpose of the sadiment samples
was to supplement the vertical contaminant distridution obtained during
the Phase I aurvey as well as to provide further information on the
integrity of the clay tiners in both ponds, The sediment data are
discussed in Sec. 4.2 of this report,

The shallow monitor wells (GW45, GW46, and GWA7) confirmed that the
shallow sand aquifer present in the Phase I monitor wells extends
downgradient of the reservoirs, At Well GW47, locsted approximately

500 ft downgradient of the Red Water Reservoirs, the gray clay confining
layer was encountered in the last 0,5 ft drilled, The gray clay
confining layer at GWA5D was encountered at elevacion 556 ft~-MSL., The
gray clay layer extended to an elevacion of 333 fr-MSL, a thickness of
23 ft at the Red Water Reservoirs. Below the gray clay layer, sand and
gravel sedinents extended to the total depth of the borehole

(507 ft~MSL), The lower aquifer present in this vicinity consists of
glacial outwash materials consistent in appearsnce vith the glacial
mwuhwuwdltuwulquhwnmhuvdhntWMhR30h606
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Fig, 3.4=1 shows the locations of the geologic cross sections in the Red
Water Reservoirs area, and Figs, 3.4-2 and 3,4-3 consist of general
geologic cross sections of the Red Water Reservoirs ares, As'shown on
the geologic cross section index map for the Red Water Reservoirs

(Fig. 3.4=1), cross section C-C' extends north to south through the Red
Water Reservoirs, and cross section D-D' extends northwest to southeast
through the Red Water Reservoirs area,

Aquifer characteristics in the Red Water Reservoir area were defined in
the Phase 1 field survey., The lithologic information obtained during
drilling of the Phase II monitor wells indicated that the shallow aquifer
present in Phase I monitor wells extends to the northwest and exhibits
similar character. Therefore, the aquifer characteristics determined for
.the shallow aquifer in the Phase I survey were employed in the Phase II
investigation,

Ground water level data collected during the Phase II RI are ﬁrnlcntld in
Tables 3.2-2 and 3.2-3, Fig. 3.4-4 and Fig, 3.4~5 are 2-dimensional
plots showing ground water contours measured on Apr. 22, 1986, and

Aug. 14, 1986, respectively., As evident on the figures, ground water
flov is primarily to the northwest. The flow patterns observed in the
April 1986 and August 1986 measurements contrast markedly with the
near-radial type flow pattern observed in the 1985 Phase 1 survey, To
illustrate this difference, the Phase I vatar-level contours of Jan, 7,
1985, as plotted in the initial RI survey, are reproduced in Fig. 3.4=6.

Tt stiould be noted that the location of Well GW3l was plotted in arror in
the Phase I report (ESE, 1986d). The actual location of Well GW3l is
correct as indicated on the Phase II results figures and on the revised
Phase 1 figure,

The additional monitor wells installed during the Phase II survey have

nearly doubled the data base available for interpretation °ﬂﬂ90'!f6'07
flow direction and rate. Consequently, the water-level flow patterns
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observed in the Phase I survey represent a more accurate estimate of
actual ground water flow patterns in the vicinity of the Red Water
Reservoirs, The Phase T survey monitoring netvork lacked adequate
downgradient monitor wells to provide a definitive flow pattarn
deternination.

Ground water flov rate in the shallov aquifer can be determined by
enploying the water-lavel flow patterns of the Phase II survey in
conjunction with the aquifer characteristic parameters determined in the
Phase I survey, The hydraulic gradients observed in the April 19686 and
August 1986 measurements were nearly identical; the hydraulic gradient
determined is 0,02 £t/fc, Using the aquifer porosity and pcrncgbillty

values obtained in the Phase I survey, an estinate of ground vater flow
rate in this shallow aquifer is calculated as follows:

Va % xi

- 2eh X 1074 ft/sec

0.2 (0.02 Ec/fc)

=2 x 10°% fc/nec
= 1,7 ft/day

The defined shallow ground water flow rate measured using the 1966 data

is approximately three times greater than that determined in the

1984=1985 Phase I survey (0.5 ft/day). There are several ressons for

this apparent discrepancy between the two surveys. - In the Phase I

survey, the ground vater flow gradient was determined using the

difference in hydraulic head as measured between Wells W31 sud GW29. As
stated previously, location for GW31 was plotted in error on the figures

and vas subsequently euploysd in the flow-rate calculations. AR30L{~6 l u
" Additionally, the inadequate density of the monitor well network in the B
Phase I survey led to the incorrect assumption (as shown in Fig. 3.4=6)
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that Well GW29 wap directly downgradient of Well GW3l, As ia evident in
the figures depicting ground water flov patterns observed in 1986,

Well GW29 is not directly downgradient of Well GW3l but is locaced midway
between a downgradient and croun-.rndiun£ position, The difference in
well location for GW-31, coupled with the position of GW29 in the flow
field, accounts for this apparent discrepancy in hydraulic gradiente
calculated in the Phase I versus the Phase II surveys.

At the well pair, GWAS and GW45D, the potential of vertical downward
migration can be assessed. The hydraulic gradient employed is taken as
the head difference of the well pair divided by the distance batwaen the
aidpoints of the respactive saturated filter packs, In this well pair,
the hydraulic head difference ia rclltivcly small-=approximately 3 ft.
The vertical gradient, therefore, is 3 ft/51 ft, or approximstely 0.06.
Although verticsl permeability through the gray clay confining layer vas
not directly calculated, a very low permeability valus would be expected
for the gray clay. As used in previous calculations, a purmeability
value of 1 x 10”7 ft/sec and an effective porosity value of 0.50 were
assumed for the gray clay. The vertical flow potantial is calculated as
follows:

X
V-;xi

Lx 1077 fe/sac
e (0,06 £/ft)

= 1,2 x 1078 fe/eec
» 1 x 103 fe/day

The low vertical flow rnt; estimated at ) x 1073 ft/day coupled with the

vertical extent of the gray clay layer at this well pair (23 f£t)

indicates that the downward vertical flow potential and conteminant

migration from the shallov aquifer to the deep aquifer are IA. _ l{6 l 5 C'
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With the addition of GW45D, two deep wells completed in the glacial
outwash aquifers are presant in the vicinity of the Red Water Reservoirs,
Although & flow rate and accurate detarmination of ground water £low
direction are not feasible, s general tendency of flow direction can be
established,

The water level in GWI2D is approximately 11 ft higher than that obaerved
in GWA5D, It can be concluded that ground water flow direction in the
deep aquifer has a strong northerly component. These results are
consistent with the ground water flow direction in the deep aquifer
observed at the Acids Area/Yellow Water Resarvoir. 1If it is assumed for
purposes of discussion that the gradient observed between Wells GW32D and
CW4SD is directly along ground wvater flow lines, a rough approximation of
ground water flow rate can be deternined as follovs:

2,5 x 1073 ft/sec
" 0T Caanmed) (003 Fe/E)

=3 x 1076 ft/sec
= 0.3 ft/day

AR304616
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3,5 POND 13/WET WELL AREA

3.5.1 REVIEW OF PHASE 1 RI RESULTS

In the Phase 1 RI survey, the geologic u'mins of the Pond 13/Wet Well
Area vas defined using lithologic information obtained from two well
paire installed by ESE and from four shallow monitor wells installed in
1982 by an EPA contractor. The data from these monitor wells indicated
that two markadly different hydrogeologic environments were present in
the area surrounding Pond 13 (Fig, 3,5-1). At Pond 13, near-surface
sediments consist of a thin (5- to 10~ft) layer of sandy, silty clay
underlain by a permeable, watar-bearing shallow aquifer, At Well GW23I,
this shallow aquifer is underlain by a thin, probably discontinuous, clay
layer. A second, interconnected sand layer occurs; below the second
sand, a gray clay confining layer is present. DBecause the borshole
extended only a short distance.into the clay befors it was tarminated,
the thicknesn of the gray clay layer could not bs determined, To the \:ﬁj’
southesst, Wells GW22 and GW22D were completed in a markedly different
geologic enviromnment, At this location, clay extends from the ground
surface to a depth of approxinately 60 ft. The gray clay layer is
present beginning at 560 £t~-MSL and extends 25 ft in thickness. At the
vell pair GW22 and GW22D, the shallow aquifer present at Pond 13 is

sbaent. The only vater-bearing aquifer at thia location is the glacial
outwash which extends from approximately 70 to 105 £t in depth and
terminates at the top of bedrock which was encountered in Well GW22D,

Water levels wcasured during the Phase I survey indicated a possible

ground water flow direction to the north, opposite the observed surface

vater flov direction in the area. With the absence of additional date

pointa £o the morth of Pond 13, it vas not possible to verify the actusl

ground vater flow patterns in this ares. It was believed that the

hydraulic gradiants indicated in the Phass I study were not indicative of

& substantisl hydraulic gradient to the north, 30[}5 | 7
AR N
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Two distinet hydrogeclogic settings were evident in the vicinity of

Pond 13, However, neither the areal extent of the shallow sand aquifer
at the Pond 13 seep area nor the areal extent of the setting observed at
GW22 and GW22D could be determined, '

In addition, the vater-level elevations observed at EPAO2 were several
feet lower than adjacent wells completed in the ssme aquifer. This
apparent discrepancy vas attributed to a surveying error.

3.5,2 PHASE IT RESULTS

To address the data gaps from the Phase I field survey, the Phase II
program consisted of shallow and deep monitor well installation and a
resurvey of EPAO2,

Monitor well locations for the Phase II survey are shown in Fig. 3.5-2,
Both shallow and deep monitor wells were installed in the vicinity of
Pond 13 to provide additional areal coverage to refine the shallow ground
vater flow patterns and to document the thickness of the gray clay layer,
In addition, a water-level observation well (OW32S) was installed
northwest of Wer Well No. ! and EPAQ4 to provide additional sreal
coverage of ground vater flow patterns, At location GWABD, a planned
vell pair, the shallow well GW48 was not drilled when conditions
consistent with those observed at GW22 and GW22D were encountered (i.s.,
the shallov aquifer was not present and only the deep glacial outwash
aquifer existed at this location). Well GW49 is a shallow aquifer
monitor well located north of Pond 12, between Pond 13 and Pond 12.

Bastd on the information obtained during the Phaje Illdrilliu| program, a
generalized geologic cross section has bsen prepared of the Pond 13/Wat
Well Area. As shown on the geologic cross-section index map (ses

Fig. 3.2-3), cross section E-E' extends approximataly north to south
through the Pond 13/Wet Well Area,

AR304619
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As shown on the cross section (Fig., 3.5-3), the additional monitor wells
drilled in the Phase Il program have servad to verify the areal extent of
the two distinct hydrogeologic environments present at Pond 13. The
shallov aquifer sncompassing the sesp area is depicted as the sand unit
on the figure below monitor well GW24, The shallow sand aquifer is
underlain by the gray clay layer in the ares surrounding Pond 13. The
gray clay layer, as is evident throughout the rest of WVOW, is continuous
at Pond 13 and is approximately 30 to 40 ft thick.

The ground water level measurements collected during the Phase II RI
survey are presented in Tables 3.2-2 and 3.2-3, For the purposes of this
discussion, ground water levels measured during the Apr. 22, 1986
sampling episode will be employed, During the resurvey of Well EPAO2, it
vas determined that a surveying error had occurred in the Phase I
program, and the corrected elevation is employed in this study.

In the Phase I investigation, a confident estimate of ground water flow
rate and direction was not possible, Water levels measured at the
monitor wells at Pond 13 provided inconclusive data Eor ground water flow
direction determination. The additional wells installed during the
Phase I1 prograa provided a substantislly greater dita base to determine
the areal extant of the aquifers present aud the flow direction., All
available data indicate that the shallow aquifer is of limited extent,
and, based on the vater-level measurements, essantially no direction of
ground water flow can be established for the shallow ssud aquifer, As
indicated by the water<level elavations plotted in Fig. 3.5-4, grouad
vater elevations at Wells EPAO) through EPAO4 and at Wells GW238 and
GW231 are essentially the same.

The shallow aquifer terminates to the north, as evidenced by the
subscantial clay thicknesses observed at Well GW4BD, At GWA9, a ehallow

vell to the east of Pond 13, vater levels are approximately O.A H%lﬁ.#ﬁZl
than at the Pond 13 Area, indicating that ground water flow {s not in -

a

this direction.
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The shallow aquifer is not present at Wells GWASD and GW22/GW22D. The
shallow aquifer at Pond 13 is bounded by vertically and areally extensive
clay deposits to the north and to the aquth, The gray clay confining
layer has been determined to be present at Pond 13 and is of sufficient
thickness to preclude vertical contaminan: migration. Furthermore, it
should be noted that the hydraulic head valuss for the deep-aquifer
monitor wells GW22D and GWABD are higher than those observed at the
shallov sand aquifer monitor wells at Pond 13, Essentially, & minor
upward gradient is present between the shallow aquifer and the deep
glacial outwash aquifer, This further substantiates the conclusion that
vertical downward migration in the contaminated ahallov aquifer at the
Pond 13/Wet Well Area is not possible,

AR30L 624
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3.5 BSURFACE WATER ELEVATIONS

The initial RX survey (ESE, 1986d) at WVOW contained a coaprehensive
surface vater program including stream gaging, flov measurements, and
pond gaging. The program analyzed surface water procesoes in the Mill
Creek and Oldtown Creek drainage basins and most ponds at the McClintic
Wildlife Station. The physical hydrologic characteristics of the site,
as addressed in the contamination assessment, determined that surface

vater contaminant migration was not a major exposure pathway at WVOW,

The Phase I1 program consisted of ons round of surface water lavel
measurements ac all stream and pond gaging stations, The vater level
weasurements collected in the Phase 1@ field program are shown in

Table 3.6-1. The locations of surface water gaging stations are shown in
Fig. 3.6~1., The Phase II water levels were consistent with the 1984-1985
data obtained in the initial RI survey (ESE, 1986d). Representative
surface vater levels for the three areas of concern as assessed in the
Phase I Survey are discussed in Sec. 3.1,
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Table 3.6-1, Surface Water Elevations-=April 22, 1986

Sampling Water-Level Elevation
Scation (fr-MsL)

Fand Gages

Pl 602.40
P2 ‘ 601,01
Pl 614,07
Pé 579.49
P8 580,26
P9 579.61
P10 -

P13 588,88
Pl4 593,56
Pl5 610,75
Pl6 -

P17 -

P18 575.90
P19 -~

P24 620,46
P28 591.93
P29 588,12
P30 586,06
B 585,32
P32 -

P33 ‘ 578.73

Mill Creek Stations

MCl 566,01
L] 582,31
MCh 585.26
MC3 596,41
Ml 607.99

Oldtown Creek Stations

/0]
07¢3
0TC4
01¢C5
0TC6

- = Staff gage missing,

Source: ESE, 1986a,
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3.7 SITEWIDE HYDROGEOLOGY~~PHASE [1 RESULTS
The supplemental RI survey has provided valuable information regarding
the areal and vertical extent of the aquifer systems present at WVOW, At

nost areas of concern, a 2-aquifer |y|t;n is present in the unconsoli-
dated sediments. At the Acids Area/Yellow Water Reservoir and the Red
Water Reservoirs, a shallow alluvial aquifer is separsted from the deep
glacial outwash aquifer by the gray clay confining layer, The glacial
outwash aquifer is present at all site areas of concern at similar
physical characteristica, According to published information (Wilmoth,
1966), the glacisl outwash aquifer represents a single, coutinuous,
aquifer system, The data obtained in the WVOW field investigations
appear to confirm this statement,

The gray clay confining layer which separates the alluvial aquifer from
the deep glacial outwash aquifer is present in all areas of concern at
WYOW. The clay has been detected in 23 boreholes in the field
investigations, Of the 23 boreholes, 21 penstrated the entire thickness
of the clay unit, allowing quantification of the sitewide variations in
thickness of the clay, The clay ranges in thickness from 5 to 42 ft
across the site. The aversge (mean) thickness is 18,3 f£t; the median
thickness is 14 ft, The data indicate that the krny clay parsists
throughout WVOW and acts as an effactive barrier to vertical contaainant
migration. The clay was typically uniform in color (dark gray),
lithology, and consisteacy. The extent, composition, and thickness
indicate that the clay provides an effective barrier to potential
v,r:icnl contaminant migration. The extent and characteristice of the
gray clay are listed in Table 3.7-1. Fig, 3.7-1 and Pig. 3.7-2 shov the
thickness of the gray clay and the elevation of the top of the unit
across the site, respectively.

glacial outwash aquifer on A;;r. 22, 1986, ware used to pr&ﬂ-au
vater-lavel contours. Fig. 3.7-3 and Fig. 3.7~4 are 2-dimensional plots

Water levels measured in the shallow alluvial aquifer and the ‘..E.fizla
)
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Table 3.7~1, Gray Clay Confining Layer~~Extent and Characteristics

Top~of=Clay
Well Elevation, Thickness
Designation (ft~-M5L) (fe)

Gwol N
GWO4 575
GWO5 555
GW06 562
GHO? 557
Gvo9 551
W10 7%
G¥12 569
N2l 561
Gw22 560
GW27 556
Gv30 578
GW32 551
N34 562
GN35 565
GW36 561
GWis 30
GW39 566
GWA0

GWA3

GH48

Source! ESE, 1986a,

AR304623
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showing ground water contours in the shallow alluvial aquifer and deep
glacial cutwash aquifer, respectively, In the shallow aquifer, ground
water flow is predominantly westward, At the Red Water Reservoirs, a
northwest flow is evident, whereas a southwest flow is evident in the
vicinity of the Burning Grounda Aves, In the deep aquifer, a flow divide
is apparent in che vicinity of the Acide Area/Yellow Water Reservoir.
This divide extends approximately west to east; ground water £lows to the
north in the northern portion of the site, and flow is to the south and

southweat in the southern portion of WVOW,
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4.0 CONTAMINATION ASSESSMENT

4,1 PHASE Il RESULTS .

Phase I1 ground water and sediment samples were analyzed for mitro-
aromatica using USATHAMA Methods C2 and D2, respectively, According to
USATHAMA protocol, C2 was classified as a semiquantitative method based
on 1-day analyses of the standard matrix samples spiked at specific
levels. Data resslting from a aemiquantitative method are reported to
one significant digit, Method D2 was classified as a quantitstive method
based on a 4-day analysis of the spiked samples. Data are presented to
two significant digits, Certified decection limits, Quality Control (QC)
spiking levels, and the certified range were derived from the standard
matrix sample spike analyses. The QC spiking levels for Methods €2 and
D2 were approximately 2.5 and 10 times the certified detection limit,
Calibration standards, sample concentrations, and daily QC spikes should
all be within the certified range of the compounds,

In the data review discussed in the folowing sections, the detection
limits may vary from sample to sample and in certain instances are
greater than the certified detection limit,

In cases where the concentration of an analyte was greater than the
highest calibration standard, the sample vas diluted in order to be
within the certified range. Dilution of a aultielement sample can raise
the detection limit of a compound to a concentration greater than the
detgction limit by the appropriate dilution fsctor.

.
.

A second explanation for detection limit variance occurred during the

April 1986 analyses of the EPA welle and GW33, GW4l, and GW4A. In this

case, to compensate for low spike recoveries for 1,3,5-TNB and 2,4,6~TNT,

the detection limite for thess two cozpounds were raised, The detaction

limit for 1,3,5~TNB was raised from 2 to 10 pg/L, and for 2&&3&‘#&35 N
limit changed from 0.08 to 2 pg/L. Appropriste dilution factors were (i;j
then applied,
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4,2 ACIDS AREA/YELLOW WATER RESERVOIR

4,2,1 REVIEW OF PHASE I RI RESULTS

As described in the Phase I RI report (ESE, 1986d), detectable levels of
nitroacomatic compounds were observed during 1985 in the shallow aquifer
at Monitor Well GW27 in the area of the former Yellow Water Reservoir and
in Well GW4l, which vas located along the route of the underground yallow
vater sewerline. The contamination of the shallow ground water
apparently is related to the storage of yellow wster in the former
reservoir and leakage of yellow water from the sewerline, Soils
underlying the Yellow Water Resexvoir and soils along the bed of the
yellow vater sewerline were found to contain nityoaromstic compounds
during the Phase 1 RI (ESE, 1986d).

6,2.2 PRASE II RESULTS
To better define the horizontal and vertical extent of ground water

contamination, the Phase II investigation in this area included the
installation and sampling of two additional monitor wells (GW27D and
GW44) plus the resampling of the eight wells that were installed in the
fall of 1984, The locations of the two additional wells and the existing
wells are shown in Fig. 4,21, Monitor Well GW44 was {naetalled to better
define the horizontal extent of contamination in the shallow aquifer
dovngradient of the Yellow Water Reservoir, and Monitor Well GW27D was
installed adjacent to the shallow monitor well, GH27, to monitor the
ground water in the deep aquifer below the previously documented
contamination in the shallow aquifer,

The results of the April 1986 sampling of the 10 wells in the Acids
Area/Yellow Water Reservoir ares are provided in Table 4.2=1, The
spat{al distribution of total nftroaromatics (the arithmetic sum of the
individual nitroaromatic isomers) is shown in Pig. 4,2-2, Nitroaromatic
contamination of the shallow aquifer followed a pattern similar to that
observed in the Phase I RI (ESE, 1986d), As shown in Table 4.2-1 and
Fig. 4,22, nitroaromatic contamination of the shallow .q“itii h

R304636
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occurred at Monitor Wells GW27 and GW4l, with higher concentrations
observed at GW27. Phase II resampling confirmed that contamination of
ground water had occurred beyond the McClintic Wildlife Station boundary,
The shallow aquifer in this area is not currently used as a source of
drinking water,

As shown in Table 4.2~) and Fig. 4.2-2, no nitroaromatic compounds were
detected in any of the other shallow wells in this area., These results
are sinilar to the Phase I sampling, Monitor Well GW44, installed
several hundred feet downgradient of the Yellow Water Reservoir, also did
not contain detectable levels of nitroaromatics. The elevated detection
limit at GWA4 in the Phase II survey is discussed in Sec, 4.1. In this
inatance, the detection limits for 2,4,6~TNT and 1,3,5-TNB were raised to
compensate for low spike recoveries in the QC samples, Specifically, the
2,4,6=TNT detection limit was raised to the 2X level from 0,08 pg/L to
0,2 pg/L), and the 1,3,5~INB detection limit was raised to the 5X level
(Erom 2 pg/L to 10 pg/L). The 8~pg/L increase in the 1,3,5-TNB detection
limit accounted for most of the increase in the detection limit for total
nitroaromatics, It is important to note that the total nitroaromatics
values used throughout this report are simply the arithmetic sum of the
individual constituents and are not values produced. in & specific
chemical analysis, To assess the impact of the elevated detection
limits, the values of the individual nitroaromatic isomers at GW44 were
compared with the values observed at GW27, located at the Yellow Water
Reservoir. TIv both wells (April 1986 sampling), levels of nitrobensene,
1,3-DNB and 2,A~DNT were below detection limita, The concentration of
TNB at GN27 decreased from 30 pg/L to less than 10 pg/L at GW44, For
2,4=DNT, the concentration at GW27 of 7 pg/L decreased to leas than

0.3 pg/L at GWA4, For 2,4,6=TNT, the concentration of 20 pg/L at GW27
decreased to less than the detection limit of 0,2 pg/L at GW4b. It was
concluded that the absence of contamination observed at GW44 “6. tévoﬁsho
defines the extent of contamination downgradient of the Yellow Water S
Reservoir.
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These data indicate that ground water contamination is occurring only in
the immediate vicinity of the Yellow Water Reservoir and is more
attributable to the yellow water sewerline, As described in the Phase 1
RI (ESE, 1986d), soils underlying the Yellow Water Reservoir and along
the bed of the yellow water sewerline were found to contain nitroaromatic
contaminants. Additionally, soils collected in the Yellow Water
Reservoir during the September 1985 reactivity sampling were found to
contain up to 2,830 pg/g (dry-weight) of 2,4,6~INT. This residual
nitroaromatic contamination in the soils and sediments is & continuing
source for nitroaromatic contamination of the ground water, No ground
vater contamination is occurring from either the Acids Area or the north
and south powerhouses.

The sample of reservoir sediment analyzed for reactivity was determined
to be nonreactive. The reactivity testing program was described in the
Feasibility Study (FS) report for the firat operable unit at WVOW (ESE,

1986¢).

The deep well (GW27D) installed near the Yellow Water Reservoir contained
detectable levele of 1,3=DNB, trinitrobenzene (TNB), 2,4~DNT, and
2,4,6~TNT (see Table 4.2-1), It should be noted that this well is

screened in the aquifer that is used as a potable source iﬁ this area,
Nitroaromatic compounda have not been detected in ‘either of the deep
wells at the powerhouses (GWAOD and GW34D) or in the deep well at the
McClintic Wildlife Station (DGHW), The deep wells are screened in the
same aquifer as GW27D,

The observed contaminant levels and the relative concentration of the
various nitroaromatic compounds (compared with those obaerved in the

shallow well, GW27) indicate the possibility that some contaminated

ground water from the shallow aquifer may have leaked to the deep aquifer
during the installation of Well GW27D. Reviaw of the drilling log for

GW27D indicates that three separate borings were attempted bo!noﬁ Stb'lb 6“ ‘

"y,
"y
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well could be inatalled, The first two borings, located approximately
30 ft west and 36 ft southwest of GW27D, were abandoned by grouting.

The primary difficulty in the construction of this well was related to
breaks in the steel drive casing which occurred as the casing was driven
ahead of the drill bit or as the casing wAs removed during well
conatruction, The logs for the first two attempts to install Well GW27D
indicate that the casing breaks occurred at depth intervals either within
or below the gray clay zone. The problems encountered during placement
and/or removal of the drive casing may have bean partially or completely
attributable to increased skin friction or adhesion between the casing
and the gray clay, When the first two borings were abandoned, grout was
pumped into the drive casing before the casing was removed, resulting in
a positive pressure gradient from the boring into both aquifer zones,
Therefore, at no time did a direct connection between the shallow
contaminated aquifer and deeper potable aquifer exist,

The third and final attempt to inetall Well GW27D also encountered
difficulties related to parting of the drive casing; however, the circum-
stances were aignificantly different from those for the first two
attempts, The drive casing broke at a depth of 30 ft below the land
surface, which was approximately 14 to 15 ft below the elevacion of the
shallow ground water surface, Shallow ground vater was able to migrate
down the drive casing into the deeper aquifer during the period of time
the break was below the shallow ground water level, Review of the boring
log indicates that once the break in the drive casing was identified, an
immediate attempt to pull the casing up (i.e., to a position above the
shallow ground water level) was initiated, Approximately 2 hours elapsed
before this procedure was completed. During this period of time, shallow
ground water was able to flow downward through the drive casing into the
deeper aquifer, The presence of contaminants in the deeper aquifer

(Well GW27D) is attributed to this temporary interconnection of the two
vater-bearing zones,

AR3OLENZ
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4,2,3 TIME-SERTES SAMPLING RESULTS

In August 1986, a time~series sampling of Well GH27D was conducted to
determine if the nitroaromatic contaminants had heen dispersed in the
deep aquifer or if the concentrations observed in the April 1986 sampling
peraisted, During the time-~geries sampling, Well GW27D was pumped contin~
uously for 51 hours at the rate of 8 to 9 gallons per minute (gpm) to
achieve a continuous drawdown goal of approximately 40 ft, During the
pumping, seven samples were collected using a bailer. Samples were also
collected from the shallow weil. GW27, to coincide with the GW27D
samples. Water-level measurements were also made‘in GW27. Well GW27 was
not pumped during this sampling, Water~level measurements for both wells
are shown in Table 4.2-2,

The results of the time~series sampling for Wella GW27 and GW27D are
given in Tables 4.2-3 and 4,2-4, respectively, Fig, 4.2=3 shows the
telationship of total nitroaromatics as a function of yime for both
wells, As shown, levels of total nitroaromatics in the deep aquifer
decreased from 70 to 5 pg/L during the time-series pumping., The
prepumping sample containing 70 g/l of total nitroaromatics is likely
not representative of true aquifer water quality., The early pumping
phases samples containing 40 pg/L are considered representative,

The geochemical and geohydrological data sets derived from the time-
series sampling indicate that the shallow aquifer is not a continuous
source of the contamination detected in the deeper aquifer, During the
pumping of GW27D, the concentration of nitroaromatic compounds in the
shallow aquifer (Well GW27) remained relatively constant at approximately
60 pg/L. 1In addition, no water-level fluctuations were cbserved in the
shallow aquifer even though drawdown of 40 ft was maintained in the
underlying aquifer. These data strongly suggest that no hydraulic
connection exists between the two aquifers in this study area.

AR30LEYH3
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Table 4,2-2, Time~Series Sampling Water-Level Measurementa-~
August 11-13, 1986

Water
, Date Level® Commenta

Well GW27

8/11/86 Prepumping

8/12/86

8/13/86

Well GW27D

8/11/86 Prepunping water level
Pump on; flow rate
20 gpm

Pump wiring and hose
interfering with probe
acceas

Water level at pump
intake

Pump off

End recovery; pump on

10 gpm

9 gpa
8.5 gpm

7 gpm, adjusting flow
8 gpa
9 gpa

gRSOkQ?“I
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Table 4.2-2, Time-Series Sampling Water-Level Meaidurements--
August 11-13, 1986 (Continued, Page 2 of 2)

Water
Date Time Level* Comment s

Well GW27D (Continued)

1844 61.11

1921 31,10 Discharge valve clogged
2000 59,8 9 gpm

2024 - Generator out of gas
2053 23,0 Reatart

2145 43,53 8 gpm

8/12/86 0340 47,48
0853 57,04
1216 59,85 8 gem
1354 59.70 8 gpm
1605 60,46 8 gpm
1900 61.25
2243 53,75 8 gpm

8/13/86 0053 54,23 8 gpm
0555 55.07
1330 55,66 9 gpm
1430 55,75
1707 56,02
1808 56,48 9 gpm
1820 56,59 Pump off

*Hater-level measurements in feet from top of PVC casing.

Source: ESE, 1967,

AR304645
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Table 4,2-3, Chemical Results of Time-Sexies Sampling of Monitor Well q’m (Shallow Aquifer)

Date: _®/1/8 _ B/12/86__  0B/13/8
Parweter  Tine: C T (7 N 7

pHl, £ield
(atandard wnita)

Specific conductance,
field {imho/cn)

Water temperature (*C)
Nitrobenzene (pg/L)
1,3-00 (pg/L)

T8 (pg/L)

2,4-DNT (pg/L)
2,6~ (pg/L)
2,4,6-1F (/L)

Total pitroaromticat

{ua/L)

Nitrate + nitrite
(pg/L as N} 1,000 1,000

*Refer to Sec., 4,2.2, paragraph 3
fArithmetic sum of the six nitroszamatic isomera (calculated).

Note: N = nitrogen.
Source: ESE, 1987,

AR3O6YS




D HUW'RI'NP- l/vmzlhl
03/27/87

€

Table 4,2+, Chemical Results of Time~Series Sampling of Monitor Well GR7D (Deep Aquifer)

Date: 08/11/86

Paraweter  Tize: 18 18%

08/12/86 08/13/86

00 1751 1810

M, field
(standard units)

Specific conductance,
field (jmho/cn)

Water temperature (°C)
Nitrobenzene (ug/L)
1,348 (ug/L)

™8 (pg/L)

2,4-DNT (pg/L)
2,6-47 (pg/L)
2,4,6~TT (/L)

Total nitroaromaticst

(ra/L) 0

Nitrate + nitrite
(pg/L as N) 700 500

Alkalinity, total
(mg/L as CalDy) wo S0 MO0 Mo

500

8.5

*Refer to Sec, 4:2.2, paragraph 3,
fArithmetic sum of the six nitrosromtic isomera (calculated),

Note: (Ca0O3 = calcium carbonate.
wg/L = milligrame per liter.

Sarrce: ESE, 1987,
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The gray clay layer, with an average thickness of approximately 20 ft,
was identified on the drilling logs from the three deep wells in the area
(GW27D, GW34D, and GWAOD). The dats from these wella provide sufficient
detail to accurately define the con:inuit} of the clay at this study
aren, Vertical flow from the shallow contaminated aquifer to the deeper
zone, through the clay layer, wvas estimated to occur at a rate of

1.7 x 104 ft/day (see Sec. 3.3), It is unlikely, therefore, that the
contaminant levels detected in Well GW27D are the result of shallow
contamination migrating through the clay layer, The break in the drive
casing described in Sec, 4.1.3 is the most realistic source of the
observed contamination in the deeper aquifer.,

Using the geohydrological parameters developed for the Yellow Water
Reservoir and the timing of certain key events, the radius of the area
around Well GW27D affected by the drilling and time-series llnplinslcln
be estimated. The ground water flow rate in the deeper aquifer at this
study ares vas found to be 6 x 10~3 ft/day. Approximn:el& 4 months

(122 days) elapsed between the temporary interconnection of the deep and
shallow aquifers and the initiation of the time-series sampling. During
this time, contaminants introduced during drilling at GW27D may have
migrated up to 1 ft from the well under the influence of the natural
ground water gradient. Therefore, it may be assumed that the
contaminante introduced at Well GN27D had not migrated a aignificant
distance from the well by the time the time-series sampling was
initiated,

puring the time-aeries sampling, approximately 26,000 gallons (gal) of
vater was extracted from the deeper aquifer, A first approximation of
the volume of saturated aquifer affected by this quantity of pumping can
be calculated as followa:

ARI0LEYC-
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volume of water extracted (gal) .
L]
[7.48 gal/ cubic feet (f:3)] porasity

26,000
V®17.48) x (0.25)

Vv = 13,900 £e3

where: V = volume of aquifer affected by pumping.

Using the assumption that the thickneas of the aquifer that yielded water
to Well GW27D during the pumping waa equal to the thickness of the
screened interval (15 £t), the radius of a circular area around the well
affected by the pumping can be estimated as follovs:

|__volume of aquifer (ftd)
r e
effective thickness (£t) x (m)

¢

ra 17 ft

where: r = radius of aquifer affected by pumping.

Additional data which would allow further refinement of the calculation
of the radius of the affected area around the well are not available.

Well GW27D is located approximately 30 ft east (upgradient) of the
locations of the firat two attempts to comstruct the Qoll. The well log,
described previously, seems to indicate that no contamination was
introduced to the deeper aquifer during the drilling at the first two
well sitea, Therefore, the ground water in the vicinity of the two
borings may be expected to be free from nitrosromatic contamination.
Additionally, because each of the two initisl well bores was sbandoned by
grouting, an unnatural source of high alkalinity and pH (i,e., the grout)

AR304650
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is present in the vicinity of the abandoned borings, The low ground
water gradient in the deeper aquifer would not have allowed this source
of high alkalinity and pH co dissipate in the period of time since
emplacement of the grout,

Review of the geochemical data from the time-series sampling indicates

the following:

1. After initial fluctuations in the concentration of total nitro-
aromatics caused by initistion of pumping, the contaminsut level
temporarily equilibrated at a value of approximately 40 wg/L.
The final sample obtained juat prior to cessation of pumping
indicated a dragatic reduction in the level of total nitro-
aromatic contamination.

Coincident with the reduction of detected nitroaromatic
contamination, an increase in both alkalinity lnd'pﬂ Was
detected.

Throughout the duration of the time-series pumping, the nitrate
+ nitrite levels remained conatant,

The equilibrium {temporary) value of 40 pg/L of total nitroaromatics in
the deeper aquifer ies representative of the level of contamination in the
vicinity of the well bore caused by the temporary interconnection of the
shallov and deeper aquifera during well construction, Estimates of
potential migration of this contamination away from the vicinity of the
well bore under the influence of the natural gradient presented
previously indicate that insufficient time had elapsed from the time of
drilling to initiation of the time-series sampling to allow significant
migration of contaminants from the immediate vicinity of the well,

The first approximation (17 ft) of the radius of the aquifer zone around
Well GW27D affected by the pumping may be underestimated. The increase
in slkalinity and pH detected in samples collected in the later portion
of the pumping period strongly suggests that ground water from the

AR304ESKT
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vicinity of the first two well bores was reaching Well GW27D at a much
earlier time than that indicated by the approximation. As stated .
previously, the well Logs for the firat two barings do mot indicate that
an lnterconnection between the two aquifer zones was ever operative,
suggesting that the ground water in the vicinity of the bores was free

from nitroaromatic contamination. If the increases in alkalinity and pH

are attributed to arrival of "clean" water from 30 ft sway, & decrease in
the lavela of nitroaromatic contamination would alsc be expected during
the later stages of pumping as the "clean" water reached the pumped well,
The chemical data for nitroaromstic compounds are consistent with this
model, In comparison, levels of a naturally occurring chemical
constituent of the deeper ground water (nitrate + nitrite) remained
constant during the period of pumping.

The time-series sampling effectively demonatrated that the contamination
of the deeper aquifer was the result of the documented temporary inter-~
connection of the contaminated shallov aquifer with the deeper aquifer,
and that the contamination has been significantly reduced by the pumping
of the deeper aquifer.
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4,3 RED WATER RESERVOIRS

443,1 REVIEW OF PHASE I RI RESULTS

During the Phase I RI, six monitor wells were inatalled in the vicinity
of the Red Water Reservoirs, Three wells were installed immediately
adjacent to the reservoirs, and three wells were installed along the
lower Mill Creek drainage. As described fn the Phase T RI report (ESE,

1985d), no nitroaromatic contamination wan observed along the Mill Creek'

drainage. Contamination, howaver, was detected in the shallow aquifer
ad jacent to the former reservoirs.

4,3,2 PHASE LT RESULTS

43.2,0 Ground Water

The Phase II RI investigations in the Red Water Reservoirs area included
the installation and sampling of four additional wells plus the
resampling of the six existing wells that had been installed during the
initial RI survey, The locationa of the four additional wells (GW4S,
GWASD, GWAG, and GWAT) are shown in Fig. 4,3=1, As ehown, these wells
are located northwest of the former reservoirs, Monitor wells GW45 and
GWA5D are a monitor well pair designed to monitor the shallow aquifer as
well as the deep, confined aquifer adjacent to and downgradient of the
forper reservoirs, Monitor Wells GW46 and GW47 were inatalled to monitor
the shallow aquifer downgradient of the former reservoira, These
additional wells were installed based on the proncunced ground water
gradient that was observed during the Phase I RI lﬁrvey. The location of
the Schwarts (SHW6) well and GW33 relative to the Red Water Reservoirs
area is shown on Fig., 2,1-3,

The results of the April 1986 sampling of the 10 wells in this ares are
given in Table 4,3=1. The areal concentration distribution of total
nitrosropatics (the arithmetic sum of the individual nitroaromatic
isomers) is shown in Fig, 4.3~2, The pattern of contamination observed
in April 1986 was similar to the previous sampling conducted during the
Phase I RI survey, As shown, no contamination was observed in Monitor

AR30L653
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Wells GW29, GW3l (located adjacent to but upgradient of the reservoirs)
and GW32, GW32D, or GW33 (located along the Mill Creek drainage). The
April 1986 sample from Monitor Well GW33 did not contain detectable
nitroaromatics. Because of low spike recoveries in the QC samples, the
detection limits for 2,4,6~TNT and TNB were raised to the 2X and 5X

"detection limits, respectively (where X represents the analytical
detection limit for the certified method). Although the detection limits
were elevated for this sample, the 2,4,6~TNT lLimit of 0.16 pg/L provides
an adequate date point to indicate that the well is unaffected by
nitroaromatic contamination,

As shown in Table 4,3~1 and Fig, 4,3~2, nitroaromatic compounds were
detected in Monitor Wells GW30, GW45, GWA5D, GW46, GW47, and SHW6, all of
which are located downgradient of the former reservoirs. Well SHW6 and
GW33 are off the scale of Fig, 4.3-2 and are shown on the site map,

Fig. 2,1-3, Total nitroaromatic compounds ranged from 2 to 200 pg/L in
the downgradient shallow aquifer. The concentration of nitroaromatics
observed in Monitor Well GW30 (10 pg/L) was approxizately the same as the
level reported during the previous RI survey (16,6 pg/L), The highest
concentration (200 pg/L) was observad in the shallow aquifer at Monitor
Well GW45, which is located immediately downgradient of the former
reservoirs.

These additional data indicate contaminant migrlti&n has occurred beyond
the McClintic Wildlife Station property boundary, In addition, the April
1986 sampling of the Shwartz well revealed low but detectable levels of
1,3-DNB (1 pg/L) and 2,4,6~TNT (0.2 pg/L). WNo nitroarcmatic
contamination of the Shwartz well was veported in the 1985 sampling. A
review of the chromatograms generated during the 1985 analysis indicated
that contaninant pesks were identifiable but were below the 1985
certified detection limits. This well is not utilized as a potable
source,

AR304657 (O




. D=WVOW-RI-SUP, 1/43.3
03/27/87

The deep well (GWASD) installed downgradient of the former resecrvoirs
contained detectable levels of 1,3~DNB and 2,h,6~TNT (see Table 4,3=1),
This well was screened in the deep aquifer below the gray clay confining
bed, This well and Monitor Wells GWAS and GWAT were resampled during
August 1986 (see Table 4.3-2), Contaminant levels observed in GWA5 and
GW4T were consistent with the results of the April 1986 sampling, The
concentrations observed in the deep well GWASD warranted a thorough
evaluation. 1In GWA5D, the concentration of total nitroaromatics
increased from 2 pg/L in April to 7 pg/L in August, The increase was due
to a marked rise in the 1,3=DNB concentration, which increased from

2 pg/L in April 1986 to 7 pg/L in August 1986, However, during this same
period, the concentration of 2,4,6~TNT decreased from 0,3 1/l to below
the detection limit of 0,08 pg/L. Although one constituent increased,
the only other constituent detected in the April sample decreased to
below the detection limit in this 4-month period. The vemaining
nitroaromatic compounds were below the detection limits in the April and
August samples.

At these trace levels, aa increase of 5 pg/L in total nitroaromatics
concentration cannot be considered significant given the analytical
uncertainty associated with supming the analytical results for six
individual constituents, Based on the April and August results, it can

" be concluded that no apparent increase was evident in nitroaromatic
concentration.,

The areal extent and thickness of the gray clay confining layer was
defined using information from Wells GW30, GWI2D, GWASD, and GWA7. At
GW45D, the clay extended to a thickness of 23 ft, Employing water-level
data from GWAS and GWASD, a vertical Flow potential of 1 x 1073 ft/day
was calculated,

AR304658

The continuity and thickness of the gray clay should effectively limit
vertical vontaminant migration to the lower aquifer. The results of the
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Table 4,3-2, Phase II Chemical Data for Ground Water in tha Red Water Reservoirs, August 1986

Monitor Well
Parameter GWISD £ 5]

i, field (standard units) 8,13 6:53
Specific conductance, field (iho/cm) M
Water temperature (*C) 16
¥itrobenzene (ug/L)

1,308 (ug/L)

TS (ug/L)

2,47 (/L)

2,6-DNT (pg/L)

2,4,6-TNT (ug/L)

Total nitroszomtics! (ug/L)

Nitrite + nitrate (pg/L as N)

Tocal alkalinity (sg/L as Ca003)

*Refer to Sec. 4.2,2, paragraph 3,
fArithaatic sum of the six nitroaromstic isorers (calculated)

Note: NA = Not analymed,
Source: ESE, 1967,
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time~series sampling at GW27D in the Yellow Water Reservoir area
indicated that the low levels of contaminants may have been introduced
into the deeper aquifer during well installation. A similar situation
had ‘also occurred at GWI6D in the TNT Manufacturing Area, Resampling of
GW36D in April 1986 indicated that contamination was not present in the
deep aquifer ac the TNT Manufacturing Area, Based on these
circumstances, it appears likely that the'contaminants were introduced to
the deep aquifer during well inatallation,

4:3,2.2 Sediments

Sedimenc sampling of Ponds 1 and 2 during the initial RI survey vevealed
low levels of nitroaromatics in the sediments of both ponds (ESE, 1986d),
In the Phase II program, vertical composite samples were collected below
the interval of each Phase I sample, In addition, a large areal
composite sample was collected at Pond 1 during the reactivity ssmpling
progran in September 1985.

The nitroaromatic concentrations observed in the Phase I and Phase II
surveys were consistent (Table 4,3-3); however, the 2,4,6-TNT
concentration in the reactivity composite sample (2,210 ug/g dry weight)
was several orders of magnitude higher than the Phase I or II results.
The samples collected in the Phase I program were discrete samples; in
Phase II, vertical composite samples were collected by coring below the
interval of each Phase I sample. In contrast, the veactivity areal
composite sample was collected from a trench dug in a dry avea of the
pond during low-vater conditions. The difference in the sample
collection procedures may account for the difference in the observed
concentrationa in the reactivity program compared to the results of the
Phase 1 and I samples. The higher concentrations observed in the sample
are likely due to hot spots in the sediments encountered during the
composite sampling., Further informacion describing the reactivity
testing program in detail is contained in the FS report for the first
operable unit at WVOW (ESE, 1986c).

AR304660
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Table 4,33, Phase I Chemical Data for Sediments in the Red Water Reservoira

le Peaignation
Parameter ‘PIF PIF2 PIF3 743 PIF2 [7:F]
Sapling Date; 04/25/86  04/24/86  04/24/86  04/23/B6  04/24/86  04/24/86
Saple Type:  VO¥ w w v e w
Smpling Inter~ 20~235 20~35 20~35 L7-48 20-28 2.0~25
val (££)1: 4,2 = S.4om

Nitrobenzene (g/g) 0.5 0.5
1,3-N8 (pg/g) Q.20 .20
1,3,508 (1g/g) <16 <L6

2,4-DNT (ug/g) 0.10 0,10
2,6-DT (ug/g) .10 <10
2,4,6°THT (pg/g) 0,10 0,10
Woisture (X Wet Weight) 20,4 9,5

WC = vertical composite sample.
1Senpling interval measured from top of sediment.
wiInterval from 3,5 to 4.2 ft not included in composite sample,

Source: ESE, 1987,

AR30466
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The concentrations observed in the Pond | and 2 sediments were shown to
be a source of shallow ground water contamination at the Red Water
Resexvoirs area, In addition, the red water sewerline is considered a
source of ground water contamination at other areas of WVOW and is
considered a contributing source of ground water contamination at the Red
Water Reservoir. The observed nitroaromatics concentration in the pond
sediments, along with the contribution of the red water severline, il
adequate to account for the observed nitroaromatic contamination in the
ground water.
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bih MIS/WH WELL AREA

4shs] REVIEW OF PHASE T RI RESULTS

The Phase I investigation (ESE, 1986d) in the Pond 13/Wet Well Area
involved sampling eight monitor wells: ‘the four previously installed EPA
monitor wells (NUS, 1983) plus four wells installed in the fall 1984
(ESE, 1986d), Nitroaromatic contamination was observed during the 1985
RI (ESE, 1986d) in five of the eight monitor wells, Highest concentra-
tions were measured in the shallow, water-table aquifer near the route of
the underground red/yellow water trunk sewerline and the two Wet Well
Area holding basins,

4.,4.2 PHASE IT RESULTS

During the Phase IT RI (ESE, 1986a), two additional monitor wells (GW48D
and GWA9) were installed to better delineate the complex geologic
characteristics of this area and to provide additional areal coverage and
-vertical data on the extent of the contaminant plume that was observed
during the 1985 sampling. As shown in Fig. 4.4=1, monitor well GWABD was
installed just north of Pond 13, and GW49 was installed north and east of
Pond 12, A shallow aquifer monitor well also vas planned adjacent to the
GW4BD, The plans for installation of this well, however, were abandoned
when clay was encountered during the drilling of GWABD from ground
surface to a depth of approximately 75 ft. The Phase II program also
included installation of a shallow water-level observation, Well OW32S,
vest of Well EPAO4,

The results of the April 1986 sampling of all 10 wells in the Pond 13/Wet
wéll Area are presented in Table 4.4~1, Total nitroaromatics values
indicated in Table 4.4=1 are the sum (calculated) of the six
nitroaromat ic compounds, The total nitroaromatic concentrations are
plotted in Fig. 4.4-2 to show the spatial distribution of contamination
in the shallow aquifer. The pattern of contamination shown in Pig. 4.4=2
is similar to the distribution observed during the 1985 sampling (ESE,
1986d), Highest levels of nitroaromatics (principally 2,6,6-Tﬂaﬂ\
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in the shallow aquifer at EPA monitor wells EPAO2 and EPAOJ located
dovngradient of the Wet Well Area and red/yellow water trunk sewerline.
As shown in Fig, 4.4-2, these wells are located immediately adjacent to
the area of Pond 13 in which red water leépnge has occurred. No
contamination was observed in GW22 or GW22D during the 1985 sampling, and
no nitroaromatics were observed in these wells during the April 1986
Phase II RI, As shown in Fig. 4.4=2, no nitrosromatic contamination was
detected in the new monitor well (GH49) that was installed in the shallow
aquifer northeast of Pond 12.

The levels of nitroaromatic contaminants observed in April 1986 sampling
are lower than the concentrations reported during the Phase I RI (ese,
1986d)., For example, the 2,4,6-TNT concentracion in EPAO3 was 3,000 pg/L
in April 1986; in 1985, the level was 21,000 pg/L, Dacreased levels of
nitroaromatics also were observed for EPAO2, The decreased levels in
these wells during April 1986 may be attributable to differences in
hydrological regimes. The 1985 eampling occurred in January (winter),
and the 1986 sampling occurred in the spring (April). Additiomally, the
lover levels may be due to dilution by surface runoff. It was very wet
during the April 1986 sampling, and a large amount of surface runoff was
occurring. The grouting around EPAO2 and EPAOJ is Erlcked and
deteriorating; therefore, surface runoff is not prevented from leaking
into the ground water around the casing.

Based on the l;ltlll distribution of nitroaromatic contaminant
concentrations shown in Pig. 4.4=2, the contaminant plume appears to be
confined to the immediate vicinity of the two wet wells at the Pond 13

srea, Previous studies in this area (WUS, 1983; ESE, 1986d) confirmed

that contsminant migration from the shallow aquifer was occurring in the
seep area into the surface water of Pond 13, The highly contaminated
shallow aquifer in the vicinity of the Wet Wells is upgradient of Pond

13, As described in the initial Phase I RI (ESE, 1986d), the R3Ul§667
concentrations of nitroaromatics in Pond 13 are greatest in the vieinity ~ °
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of the seep and decrease to low levels in the central and eastern
portions of the pond. The observed decrease in concentration is
presumably due to dilutiom, photolysis, and/or biodegradation.

The predominant sources of the high concentrations of nitroarcmatice
observed in the shallow ground water in the vicinity of Pond 13 are
contaminated sediments along the sewer trunkline, contaminated subsurface
soils along the bed of the trunk sewerline, and/or the sedimenta of the
Wet Wells, The Phase I RI confirmed the existence of contaminated
vesidues in the sewerlines and subsurface soils along the trunk
severlines, The sedimente of Wet Well No, 1 (W1) have been sampled
twice=~once during the Phase I RI (ESE, 1986d) and again during the
reactivity sampling program. The Phase I RI sediment samples shoved low
levels of nitroaromatics, The sediment samples collected in September
1985 during the reactivity program, however, showed high levels of
2,4,6=TNT (4,240 pg/g). These samples were collected at a greater depth
than previously sampled, During sediment coring, a strong nitroaromatic
odor was apparent, Only 2,4,6~TNT was quantified analytically during the
reactivity program., Based on this high level and the upgradient
location, the sediments of Wet Well No, 1 may be the principal
contributing source of nitroaromatic contaminants to the shallow ground
vater aquifer and the Pond 13 seep.

Given the uncertainty of ground water flow direction beyond the immediate
vicinity of Pond 13, additional monitor well installation was cousidered
to provide additionsl information to refine the shallow ground vater flow
gradient and to fully defiue the extent of contamination.’ While it would
be helpful to expand the areal coverage of monitor wells in this area,
the existing data base has adequately defined the sources of contamin-
ation, source strength, and limit of contamination. Since eufficient
date exist for the purposes of the 5 (and any potential remedial action,

if necessary), further investigation was deemed unnecessary, ;
. AR304668
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Particular attention was given to the low levels of nitroaromatics
observed at Well GW48D, since this well is screened in the glacial
outwash used as a potable source in the surrounding area,

As shown in Figure 3.5-1, crosa section B-E' shows that a shallow sand
layer vas encountered at approximately the same elevation as the
contaminated shallow aquifer present at the EPA wells and Well GW23S.
The well log for GWABD indicates that the sand et this interval was a
dark gray, fine-grained clayey sand with approximately 5 percent gravel.
This sand vas saturated; its thickness was 3 ft. The sand aquifer
present at the EPA wello vas a medium- to coarse-grained brown sand,
Given this substantial difference in lithology, it was concluded that the
- sand present at GW4BD was discontinuous lﬁd was not part of the shallow
aquifer at Pond 13, As such, it seems unlikely that the isolated sand
unit at GWABD would be contaminated such that this layer could account
for the observed contamination at GW48D,

It is interesting to note that the contamination pattern observed at
GW4BD in the April 1986 and August 1986 samples is remarkably similar to
that observed at GWA3D. In April, the sanple contained 1,3-DNB

(0.9 pg/L) and 2,4,6=TNT (0.08 pg/L); total nitroaromatics concentration
vas 1 pg/L. 1In August, the ONB value increased to 8 pg/L, vhereas the
2,4,6-TNT value decreased to below the detection limit. The remaining
constituents were below the detection limits in both sampling rounds,

The Foncuntrntiono of nitroaromatice observed in the August samples in
GWASD and GWABD could be indicative of an analytical error; howaver,
analytical procedures were thoroughly revieved and no errors weras
detected.

AR3OLESY
(ii)
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The nature of the shallow sand layer indicates that it is unlikely to be
the source of the contamination observed at GWA8D, The analytical data
are considered valid, However, the gray clay confining layer is present
at Pond 13 and is of adequate areal extent and thickness such that
vertical contamination should not be likely.

Water levels measured in the Phase II survey show that a minor upward
gradient exists; vater levels at the EPA wells are 1,5 ft lower than the
observed vater levels in GW22D and GWABD, Thia upward gradient would
serve to further minimize the potential for vertical contaminant
migration,

Nitroaromatic contaminants were never detected in GW22D or GW22, which
are completed in the lower and upper portions of the deep aquifer. These
wells are located in proximity to.the wet wells; if contamination was
present in the deep aquifer, it is likely that nitroaromatics would have
been present in these wells,

An additional shallow monitor well, GW43, was installed adjacent to GW12D
in the northern portion of the THT Manufacturing Area (Fig. 2.1=3).
Analytical results revealed the presence of low levals of 2,4~DNT and
2,4,6=TNT (App, C). The ground water elevation and contaminant levels
vere consistent with the levels observed ellewheie in the TNT
Manufacturing Area.

AR304670
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5.0 SUMMARY AND CONCLUSIONS

This section summarizes the principal findings of the supplemental RI and
is organized by area of concern within the second operable unit,

Contaminant sources are identified, and observed lavels of contamination
are indicated, Contaminant extent and migration potential are discussed,

5.0 ACIDS AREA/YELLOW WATER RESERVOIR

1, Contaminant sources were identified in the Phase I survey and
include the sediments of the Yellow Water Reservoir and
contaninated soil in the vicinity of the neutralization chamber,
Nitroaromatic contamination exists in the shallow aquifer. The
contamination is limited .in areal extent,
The gray clay confining layer is present at the Yellow Water
Reservoir and acts as an effective barrier to vertical
contaminant migration,
The contamination detected in the deep aquifer in April 1986 was
attributed to shallow aquifer contamination being carried into
the deep aquifer during drilling, The data obtained during the
time-series sampling of GW27D and the resampling of GWI6D
confirmed this theory,

Ground water flow direction in the shallow aquifer is to'the’

vest; ground vater flow in the deep aquifer is to the north,

. RED WATER RESERVOIRS

1, The source strength of the sediments of Pond | and Pond 2 vas
refined through the sampling and ln‘IYIil of deap sediment
cores. Low levels of nitroaromatics were detected in saveral of
the deeper sadizent samples,
Nitroaromatic contamination was detected in the shallow ground
vater at Monitor Wells GW30, GWA5, GW46, GHloAR&mﬂGJ‘:
SHW6, located at SR 62, the contamination is present |i'J|ry low

ARDORG
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levels (0,2 pg/L 2,4,6=TNT); the downgradient limit of
concamination is projected to occur at or immediately west of
SR 62,

The gray clay confining layer is present at the Red Water
Reservoirs and acts as an effective barrier to vertical
contaminant migration,

The apparent Low-level contamination detected in the deep
aquifer in 1986 is attributed to shallow contamination being
carried into the deep aquifer during drilling, The data
obtained during the time-series sampling of GW27D and the
resampling of GW36D support this theory.

Ground water flow direction in the shallow aquifer is to the

northweat; ground water flow in the deep aquifer is expected to
have a northerly component.

POND 13/WET WELL AREA

The higheat levels of nitroaromatics (principally 2,4,6-TNT)
occur in che shallow aquifer downgradient of the Wet Well Area
and red/yellow water trunk sewerline.

The contaminant plume appears to be confined to the imaediate
vicinity of the two wat wells at the Pond 13 area,

The shallow sand aquifer appears to be areally limited and is
bounded by clay-dominant sediments observed at GWASD to the
north and GW22D to the east.

The gray clay confining layer is present at Pond 13 and acte as
an effective barrier to vertical migration,

Based on the water levels measured in the RI (ESE, 1986d) and
supplemental RI (ESE, 1986a), essentially no direction of
ground water flow can be astablished for the shallow aquifer.
The hydraulic head observed in the deep monitor wells is higher
than those observed in the shallow aquifer, further
substantiating the conclusion that vertical conﬂﬂﬁ&l}ﬁ?Z
migration at Pond 13 is unlikely. ' "
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Although the substantial clay deposits below the contaminated
shallov aquifer should constitute an effective barrier to
downward contaminant migration, lov levels of nitroaromatics
vere observed in the deep aquifer at GW4ED,

The contamination observed at GW4BD appears to be an isolated,

localized occurrence.
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Table A~l, WOW Monitor Well Development Data—Installation and Development Dates, Static Water

Level, md Net Fluid Loss During Drilling

. Static Water Level?

Well Befare After
Deaig- Dates¥ Development  Developrent

nation Installation  Development (fe) (fe)

Net Fluid
Loss During
Drilling
3a)

Phase 1 Manitor Wells

[¢}]} Oct. 24-25 Nov, 8, 10
o3 Oct, 25 Qct, 30
G4 Oct, 21-22 Oct, 30
(0] Nov, 2627 Dec, 10-11
¢ Nov, 67 Kov, 13
oW Oct, 29-31 Nov, 14
o8 Oct, 29 Nove J-Dec, 13
[e] Oct, 27 Ot N-Nov, 17
(¢ ])] Oct, 26727 Oct, 3
GWl0 Oct. 16 Oct, 21
Oct, 15-16 Oct, 2, 24
Gull Oct, 17 Get, 25
Oct. 19-21 Nov, 12-13
Oct, 21-22 Oct, 27
Oct. 19 Oct, 2
Nov, 13~14 Nov, 15
Ont. 24 Oct, 27-29
Oct, 24 Octs 29-Dec, 14
Nav, 15 Nov, 1617
Oct, 18 Octs 24
Oct, 18 Oct, 31
t, 25 Oct, 30-Nov, 26
Nov, 7-8 Nov, 811
Octe 1314 oct, 19
Oct, 8, 12 Oct. 17, 21 -
Oct, 30 Nove 6
Oot, 3031 Nov. 56
Nov, 1 Nov, 5
Nov, 11 Nov, 14
Nov. 8' 1 Nove 14
Nov, 2 Rov, 5
Oet, 20-21 Octe 25
Nov, 2 Nov, 7
Oct, 16~17 Oct, 26
Oct, 18 Oct. 26
Oct, 17-18 Oct, 26
Oct, 19~20 Oct, 27-Dec, 20




D-WVOW-RI~SUP, 1 /VTBAL 2
11/09/86

Table A~l, WVOW Monitor Well Developrent Data—Installation and Development Dates, Static Water
Level, and Net Fluid Loss During Prilling (Continued, Page 2 of 2)

Static Water Levelt Net Fluid
Well Before After Loss During
Desig- Dates* Developnent  Development Drilling
nation  Inetallation Development (ft) (ft) (gal)

Phase I Monitor Wells (Continued)

GnD  bov, 2930 Decs 11

on  Dec. | Dec, 1220
% Mov 16 Nov. 16
D Now 12,16 Now 16
o5 Oct dl-tov. 1 bowi 8-l
oD Nov 27,2 Deci 1l

o Move 12-13 Nov, 15-Dec, 20
o8 Now 56 Nove 9-Dec, 14
Gn9  Mov, 67 Nov, 1315
O Mow 16 Yovs 18
GHOD Now 1617 Nov. 18

Ghl tov ) Novi 7

2 Now 8 Nov. 15

SoFLRIPDODWLWSWR

33&—?;8:»5805
o IONLO

?53(99!3_8»8553

SdcBIdbdrBeBae

—
-~
o

Phase II Monitor Wells

G270 Mar, X-Ape, | Apr, 3 164 A 3%
G¥i3 Mar, 12 Mar, 19 200 7
M4 Apr 2 A b 140 5%
G5 Mar, 16-17 Mar. 20 42,5 69
GWi5D Mar, 13-16 Mar, 20 4546 169
Gi6 Mar, 17-18 War, 0 2.l 0
M? AIX' 0 2"3 Mo 5 49.9 w
GHi8D Mar, 21-23 Mar, 35 - 143 28
GH9 Mar, 18-19 Mar, 21 8.6 85

“Ptase 1 wells vere inatalled and developed in 1984; Phase 11 wells were inatalled and developed
in 1986,
fWater levels measured fram top of casing,

Sources; ESE, 198%a, d.

nR30467E
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Table A-2, WVOW Monitor Well Development Daca—Fluid in Well Prior to Development, Well Depth,
Screen Length, ad Stickup

Fluid in Well Well Depth— Well Depth—
Well Prior to Top of Cming  Screen Top of Casing to
Desig-  Develoment (gal)  to Bottom of Legth  Top of Sediment (ft)
mation  Casing Amnlus Screen (ft) (fc) Before After

Fhase 1 Monitor Wells

ol
G
G4
GW5
GWb
GW7
G8
o9
GW9D
GW10
G100
Gwll
G2
GW13
GHl4
GWl5

wn

s
>*Lor
Frnin

SobLndns
-
e

Dcoobooboobovoboboooonvoo
)

-
-
-

X 3
PO Do o
\nha-onst'guoqmn
Iy

-
-

-

PESSEBRREBETEESS

>
€

26,5
174
2.1
" 16.6¢
1,7
40,
2.0
&l“
na2
106.9
17,0
26,8
26.6%
3.2
61,9
25.2
40,8
26.2
417
3.8
“.9

2.5
#h306ET9
W

s
-

GW17

£
A
8
6
46
8
kil
%
8
ke
% L
»
9
QR
¥
%
7
2
16
%

crmroboLprmobLnd

GWl9
G20
(e

GEEGuwe oG ERELERERES

S'\lsoh“
—
o

2
D
G238
G231
GW24
g
GH25D
GV26
Gw27
o8
9
G130
GWl
Gi32

-
[CRCRCRCRT RC T RCRCRCRC EURT R R R- ST RC - N R R R RE FERERTRE R BT )

ocmorLurbooin
>
22

RPN PIRRROMUUPRPRRORNMMNNNNNNRINDNRRDRNNDNNDN

S GESRGELELER
coooooooo

- -
oo
»
-
wm
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Table A~2, WVOW Monitor Well Develomment Data—Fluid in Well Prior to Development, Well Depth,
Screen Length, and Stickup (Continued, Page 2 of 2)

Fluid {n Well Well Depth— well Depth—
ell Prior to Top of Caging  Screen Top of Cmsing to

Desig-  Develoment (gal)  toBottomof  length  Top of Sediment (ft)
matin  Cming  Anoulws Screen (ft) (fe) Before After

Phase 1 Monitor Wells (Continued)

GWi2D

GW33

G

GW34D

G35

GW36D

7

GW38

(e L]

GWi0

GWi0D

Gl 4.2
GWR 6.0
EPAOIMY N
EPAR2 1)
EPAD3 )
EPAD: L)

o
-~
w

4
oo

—
X3
=
A

-9

™

-3
Fad iy

.
k-4
Do rrrnwv
fE838VV

PLLVWRPRPPORORDRRDND DD

EZEERRBEEBERE
>

Phase II Monitor Wells

-—

102,8 102,8

15,0 3.2 2

_ 150 .0 3.1
15,0 56,6 5.3
15.0 1074 107.4
5.0 5.8 5741
15.0 65.8 66.1
200 . 1005 107.7
15,0 359 .l

G 57.2 13.5
h

G 12,2 0
G 15,0 1.

G5 9.9 9.0
GW4SD 40,3 13.6
GWib 9.9 8.9
GW47 104 94
GBD 634 17,0
GHg .+ 18,0 127

-

._
TIIIKSR

NN N N~

wEs

NNNN?NNNN
NNRONMMNMMDNNN

* Memurement ervors of 0,2 ft due to difficulty {n sounding wells to determine sedinent
thickness,

t Probable messurement ervor by field personnel,

*HEPA well construction details are included for comperison purposes.

NA = Not applicable, ,

Sources: ESE, [986a, d, ARSOHSBO
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Table A=), WVOW Monitor Well Development Data—Requited Volume, Quantity Removed, Time for
Removal, Type of Pump Used for Develomment, and Physical Characteristics of Water
Before and After Development

Required  Quantity
Volue  Removed

(gal)

(gal)

Time for
Removal

Type of Pupp

Used for
Develomment

Physical Characteristics of Water

Before
Developant

After
Development

43
210
353

520

7
545
305

20

452
198

541
%5

5
817

22

101
810

1,6
120

W

608

K1)
823
30

226

632
300

3ok
L e
13 hr

1 e

20 Ir
3 Ir
8 days

Submeraible
Centrifugal
Submersible
Submersible/
Centrifugal
Submersible
Submersible
Centrifugal
Centrifugal/
Submersible
Submersible
Centrifugal

Subrersible

Submersible

Submersible
Submersible

Centr ifugal

Submersible
Submersible

Tixbid/red silty
solids
Tighid/red-trom
suspended solids
Turbid/gray sus~
pended solids

and sediment .
Very turbid/gray
silty suspended
olids
Tucbid/brown silty
suspended solids
Tuebid/gray silty
wolids

Turbid/light brow
silty suspended
solids

Very tibid/light
gray suapended
solids

Very turbid/gray
suapended solids
Very tubid/red-
brown suspended
solids

Very turbid/gray
suspended solida
Very tuebid/red-
brom suspended
nolids

Very turbid/red-
geay allty solids
Highly turbid/
trom very silty
solids

Very tucbid/red-
brom suspended
solide

Very tixbid/red=

suapended olid | ilé:é] 4681 o

Very turbid/yel~
lowbram silty
solids

Slightly curbid/
red sility solids
Clear

Slight eurbidicy/
trace suspended
solids

Slight turbidity/
gray silty solids

Clear/trace sis=
pended solids
Clear/fine gray
silty solids
Clesr

Tucbid/gray sus=
pended solids

Less turbid/gray
suspanded solids
Clear/slight red=
brom suspended
solids

Lo turbid/gray
suspended solids
Clear/slight red-
bram suspended
solids

Clear

Clear

Clear/trace of
red-brom
sattleables

o
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Table A=3s WVOW Monitor Well Development Data=Required Volume, Quantity Removed, Time for
Removal, Type of Purp Used for Development, and Physical Characteristics of Water
Before and After Developrent (Continued, Page 2 of 4)

Well  Required  Quantity Type of Purp Physical Characteristics of Water
Desig~  Volume  Removed  Time for Used for Before After

mtion  (gal) (sal)  Removal  Development Development Development

GW? /3 495 27 days  Centrifugal  Very twbid, dark Clear
trom, silty
GHI8 455 455 2,0 days  Centrifugal  Very tubid/red  Clear
silty suspended
solids
GWl9 235 525 Centrifugal  Very turbid/red~  Clear/no visible
bram suspended  solids
solids
G20 250 530 Sumeraible  Very twbid/red~-  Clear
beom suspended
solids
oWl 397 Centrifugal  Very twbid/gray  Slightly turbid/
suspended solids  gray suspended |,
solide
557 Centrifugal  Turbid/gray-brown 8lightly turbid/
swpended solids  gray-tram fines
542 Sumersible  Very turbid/gray  Clear
suspended solids
627 Centrifugal  Very twbid/geay  Clear/slight
suspended solida  gray suspended
wlids
20 Centrifogal  Very turbid/red=  Clear
gray suspended
solids
551 Centrifugal  Very twrbid/gray  Clear
suspended solids
412 . Centrifugel  Very tuchid/ved  Clear .
suspended solids
2% Submersible  Very twbid/red  Clear/slight red
suspendad solids  suspended solids
K1k} Submersible  Very twbid/red  Clear
suapended solids
» Centrifugal * Very turbid/red  Clear
suspended solids
Centrifugal  Very turbid/red~  Clear/slight
brom swpended  yellow tint to
" solids i ter
Centrifugal  Very tubid/re~  Slight cloudy
gray suspended m
solide h 6 8 2 .
Subnersible  Twxbid/bron Slightly tuchid/
ailty solids yellow-brom
solids .
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Table A=3. WVOH Monitor Well Development Data—Required Volum.. Quantity Removed, Time for
Ramoval, Type of Pump Ueed for Development, and Physical Chaxacteristics of Water
Before and After Development (Continued, Page 3 of 4)

Wetl
Desig~

mtion

Required  Quantity
Volue  Removed  Time for
(gad) (gal)  Rexoval

Type of Purp
Used' for
Development

Fiysical Characteristics of Water

Be fore
Develoment

After
Develoment

GW0 55
GW3l

300 10

2,0 ke

GH32 2 days

1.5 he
5 days
17 he
35k

3.0 days

19 be
11 days
12 days
2 days
16 b
80k

Submersible
Submersible

Centrifugal

Submeraible
Centrifugal
Submersible
Subrersible

Centrifugal

Subrersible
Submeraible
Centrifugal
Centrifugal
Submersible
Subzersible

Cantrifugal

Submeraible

Very tucbid/brown
silty solids; sand
Very turbid/brom
silty molids

Turbid/slight
brom suspended
solide
Tucbid/gray sus-
pended solids
Turbid/ved silty
suspended solide
Twcbid/brown silty
suspended solids
Very tbid/brown
silty suspended
solids

Very tuxbid/grsy
suspended solida
and sediments
Very tucbid/gray-
beam silty solids
Txbid/gray su~
pended solids
Turbid/gray sus-
pended solide
Tucbid/beom silty
solids

Very turbid/red
suspended solids
Vary tuchid/gray
silty suspended
solide

Very turbid/red
suspended solide
ond sediznt
Very tubid/rel
suspended solide

Slightly turbid/
light yellow
Slightly turbid/
bram silty
solids

Clear

Clexr to gray-
cloudy

Slight silty
nmpended solids
Clear

Slightly tubid/ =

bram suspended
solids
Clear

Slightly tuchid/
gay-brom solids
Gray suspended
wolids

Clear

Clear
Clear

Cleac/light
tuxbid gray oilt

Clear

Clear/nlight red
silty residue

AR304683 (5
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Table A-3, WNOW Monitor Well Development Data=Required Volume, Quent ity Removed, Time for
Removal, Type of Pump Used for Development, and Physical Characteristics of Water
Before and After Development (Contimued, Page 4 of 4)

Required
Volume
(gal)

Quantity
Removed
(gal)

Tine for
Removal

Type of Pump Physical Characteristics of Water

Used for
Deve lopment:

Before
Deve lopment.

After
Developnent

2,47

336

383

40

3,945

368

B4

8,8 hr

55 min

Submersible

Centrifugal

Centrifugal

Submersible

Submersible

Submersible

Submersible

Submersible

Centrifugal

Turbid, organge
color, heavy sus-
pended solids,
Turbid, strong
bram, heavy sus-
pended solids.
Turbid, stcong
brom, moderate
suspended solids,
Turbid, strong
brom, heavy sus~
pended solids,
Turbid, very heavy
suspended solids,
dark gray,

Turbid, heavy sus-
pended solids,
strong brown,

Turbid, heavy sw-
pended solids,
ocange,

Turbid, dark gray
to brown, heavy
suspended solids,
Ver turbid, heavy
suwpended solids,
strong beown,

Clesr

Very slight sus-
pended solids,
clear,

Very slight sus-
pended solids,
clesr,

Very low sus=
pended solids,
yellowish colex,
Very low sa-
pended solids,
clear,

Slight tubidity,
strong brown,
moderate sus-
pended solids,
Slight turbidity,
yellowish colex,

Slight tarbidity,
yellow suspended
solids,

Very alight
turbidity, very
low suspended
solids,

Sources: ESE, 1986a, d.

AR30L68H
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Table A4, WVOW Monitor Well Development Data—Temperature, Conductivity, and pH

Well 'l‘engmm-e (°c) Conduct ivity (rhos/cm)
Designation Bafore  Dwingk  Afterd Before® . Dxiogh  After* Before® g After

Phase I Monitor Wells

12,9
13,7
13,3
13.0
11,6
12,9
12,5
14,1
13.0
149
139
13,4
12,2
1305
15.1
12,4
17,0
15,0
134
5.0
13,0
14,2
12,0
1447
18.2
14.6
1444

1
12,3
12,6

brlmorito

[- V- RR S

—

-

b oNTLLLR

= —
WO VMOV NON N NN W Ny

VOOV POUS VO NN NN NS ®

DL

GERLEFEECEREESE

Cmom—oVwMUbT e

w
>

o
-]

el
O »=

8.3
5.8
5.8
56
14
6.2
5!‘
53
5.1
6.3
6.1 5.6
65 5.7

§R u o8
G 1.0

t 74

5'7 5!8

—
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Wb LEEVTUD LU LWL

——wubarNbwwr
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Table A4, WOW Monitor Well Development Data—Temperature, Conductivity, and pH (Continued,
Page 2 of 2)

well Temperature (*C) Conduct iviey (hos/cm) M
Designation Befoxed _ Duringt  Aftert Before* Duringd  Afrer Peforet Duringh

Phase I Monitor Wells (Continued)

V34D 129 LS5 12.8
GY5 127 13 1l
G36D 12,7 129 13,0
G37 3125
o8 Ba 4l
N9 o) 142
G¥40 125 R4
G400 121 1.5
Gl 17,0 139
GWi2 125 127

WO WD N~
Wee 2+ O0DDEOBDOAWLO
o . e e e =

U‘“\lu?\lugﬁ\‘
E* e DO WD L

wan
-

Phase II Mnitor Wells

GR7D 16,5 20,
3 s B,
Gty 18,0 18,
G5k 105 9,
GWASD 12,0 12,

GWib ot 12,6
7 18,0 18,0
GH8D 16,0 1.5
Gi49 10,0 10,0

“Stage of development,

ot measured, .

#kTemperature readings suspect. Air temperature wes ~2°C, discharge was cooled as water passed through
appeoximately 50 ft of hose at surface,

tProbe malfunct ion,

Sources: ESE 19%a, d,

AR304686




APPENDIX B-=FHASE II

WELL LOGS




NOTE: Copies in this appendix are the
" best quality available,

AR304688
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, MONITOR WELL CONSTRUCTION

Logged By: cllont: S AT A1 A
Drilling Contractor: Lz utuf 4L Loclllon._huﬁ.u:
Driller's Name: Job Number; qoul
Wall Numbnr._.lm‘n_-ié.é____— Date/Time: Start JLeZLfE  Finish AL4006
Commenta (Loat clrculation interval, Water level changes, Hote collapse Interval, sic.):

Depths in Reference
to Ground Level

Top of ‘
Protective Casing 2.3 Locking Cap

’ EEEEEEE———— PmoTcllvo sun ”
Top of Well Casing 2.2 ] Ilmotor.ﬁﬂ&ﬁ.,_é

1m | e CWTOMHG ravel Pad
Top of Cament '

Bottom of /
Protective Casing 3.7

Ty -r ’
Féraund Water C7)

]
Type of Grout

Cuing: PVE gea o
Diametor ¥’
r T -m,‘l Vit 7,

WU 1R 07,77 Y Y. -
Numbﬂr._lg__,_,?’___
. Depthe AJLMML,JLJ/,% )
Top of 9%’

chnnnl Snl—-zz'-’——-
H— Tyoe of Plug Kéaces:ca 4" 24uany
Top of Gravel Pnk—gL—

q)' e Grave| Pck;
Top of Screen Material

Screen;
Type Y O

Diameter z
Length 3 .
Slot Size 25 2 50P1

: ”
- Battom of Scraen L6 Bore Hole Olameter A-B-%-Ollm
Total Depth —L8:5" ,

of Bore Hole

NOT 70 $CALE

W’ﬁm ()/ h“‘ﬂﬂ’

3/ us/aé

B-58 __ ___ '




ESE ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC.

oo to_B7Ee
LS/ T tale Boring No. .'/__um L2 Shml-ﬂhé
] Type of BoringlitaLoulifiig it
Casing used. § n_'L"...Dnlllnq rmu
Boring begun.LLL2Lii . Boring complated
Geound Elevation referred o

Fisld MW&MW

Sell type, color, texture, mlm mlu drlving natas
Blowa pef foot on casing, depths wash wa i
fluctuations in water lsve), notss on d'mlm nu, m:.

SOIL GRAPH

=

LIRS LN OGS L8 LI L3 L3 Lo 0l

L0 03 L8 LJ LIRS U

< ™
=

2

v vy

l
P

13 lgps!

C o abugp o Ny JoRSANILY 'l ‘l“‘ "‘?Ig‘gég
SR

Signeo M I3 1 s T 1[0./!1.
Aamovoom— :mM

30
ll lll lll IT!,-.
Py
Ll b blals isbatadslsdats

~
)
>3
<




ESE ENVIRONMENTAL SCIENCE
AND ENGINEEFIING, INC.

’a

JbNo_S780¢
Crent_ LS A TI#A MA : Baring No.iLDmJLLShm&OLK.

Project Type of Boring,
Casing m_..sm_mmm M 30 e
Boring begun Boring completed

’.*:"I; | WA ek DRI Ground Elevation refemred Lo
—1——L—"I——J———\ h

Se : Field Party:

!ﬂ Solltypn color, taxtire, consistancy, sampler drivi
H ows par foot o casing, depths wash watar m.?:%m
flmnnuml in water (syel, notes on drilling ease, etS.

| d L3 b L3 LS L R B

E
LS L RE LS L0 LS B ] T
3

7

- 3

r“rrr LY S IR LI L]
B

LhbLLbbhh Ll

mq-l;l-_l- mpm

‘ Y ' ' .
Signea M&Z.‘."—éﬁ;b [ - B T m
Aamom—%&——— '.‘mM




ESE ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC.

Joa oS b0y
«m_uss:mﬁm Boring uo..‘z'anJ_/’L/.’Zé_sz’ ol

K Type of Boring.
ton ngs Casing used SIn_Dmllng e U e
Boring begun, Boring complated
Ground Elevation referred to
Fiald Party:

Qatum

N
lai
Sail type, color, mxture, congistancy, ler driving notas,
!‘i mw:v g' casing, depths mnm lm,u!o%umd
llt:uum in water lavel, notes on &illing ease, eic.

s

k8

59 5107

|||!|_j!fllll|l.l.l.hll.l_l‘|_l

Signea Mi@ﬁ/Aﬂsz_ Jue M
A _E%“" '-‘IIOM




St WV ' .
Sociag Yoo___ (o) - &L snm_é[_or__é__

/128 &Myﬁ,j

[4

!

. hr T
i ) e 8 hwoj'ld

/L.L_me.u_md*n /of (LD 8 s it 4278
(610 - [&g‘ S Ak LA /o S £
” )

b 57)5

/

i - 38,y !
1/

[,
(258 - Dipus somped 42 405’

/

X798

a

bt L D
L Le g 240
Z 845

7

Y, « Ad & de 13 4
320~ Dtg i 214 470/ 10
I20 0 )R 4 S m Py - > L4 A 2 . o 57/

WDhave R4’ Margas 1
DArcving Hed
“DAovs CATING” AdP4As 1
fYrring ATING ¥
GReviw T KALP jfoik otém

B=62




. adt
b8l .

stee__ L/ Voey
Sating Ne. 4LV P Hp

V9 20m'’
: '/5" 4~ Qenid PV ¢ ! ol )’ Gder R4,

Ty} ~j’}‘f’ f I.‘é‘ /’“‘d 2 EMAL ST

h A

)
oy

MLy v
J’ﬂ" A \/

]
dndeinw




Sice Wb .
Sariag Nou__friar~H S snm_é_or_é_

"22-!~ 'Plv"ﬂs“! qADEree ok f\-g ‘2&4—‘ P7Y) !rﬁ‘_l. Do QL LML oy
e rreg o S L :

oM ¢ rad
25 = 7 (%)
LAAYA, Sk
- Py )

-t [*A

Qﬂa‘ MPal q A éo Bass '24&&4«.0 nmz:g' LaRyT
o= 52 L6 T B,
50 Gpss LTk

LIFPLYFKE




MONITOR WELL CONSTRUCTION

Logged By: Mﬁf" Cllent L SATHAMA

Drilllng Contractor: Location; — L4 L2 QL0 ‘

Oriller's Name: y ; Job Number; @ 4 60 ¥

Wall Number — (2l = 45 Date/Time: Stant .2/.2/2¢. Finish L 8/80
Commoents (Lost circulation interval, Water level changes, Hole collapse interval, etc.)

Qeptlis in Refarence
to Ground Level

Top of R4
Protective Casing 2.2

Locking Cap

Proteciive Plpe ]
Type, Diamater, £a¢

e — Gomen¥Qravel Pad

Top of Wall Casing A2/

Top of Coment—L

Bottom of s
Protective Cumg—L—

37 ’
F 'amund Water 29

Type of Grout M&MC

WS PUC se g
Dlamater. o

Toiatd lTW" i 4
NUMber e

Depths Afitlu2alidi el 2!
Top of

g /
Bentonite Seal B U

24/ Type of Pug Biunw re Y Phecgre
Top of Gravel Pack uk . .___

P S E— Yoy
Tap of Screen Yo - Matorial A ¥ (epAa 73 san)

Scresn;
Type
Diamater e
LONgtN el b LB 2 L0 2 S Ti0v5)
Slot Size 20500"

o . AR304754
Bottom of Screen 5‘2 - - e fo10 Hole Dlamster —L_

Total Depth
of Bare Hole

NOT 70 SCALE .

T')Z‘/.N e




ESE AN RENERNG Ne.

e 05614

Cliont LS Afﬂ"""ﬂ ) Boring o 2 om.?.[L‘LA?L.sm.Lofl

s Zm “::'a .x:?.lonnm m A
n' RN -

Boring m....u&.mm comleted

Groun3 Elevation referred to

le
m!dhtr. i X2 s ik
Sall color, lexture, istancy, lar driving notes,
lm":?fu : mé,%u m“ t.”zsm
fuctustions in \utt level, natas on drilling m,

~2h7

.
2

2

n

b L L g NITT v TV [T
T
plabetelabalededatalobedatad

LBhhlidbbhlhbhialbbaled

"y

3

ARITY T

?uanﬂLW '\Jzﬂlﬁ

Qlll

ARAN5S

A
>

-_'lll (R EN LIRS R
&




ESE NERERERNG Ne, -

- e B4b0Yd :
! 4
P Gl EATHOMA Boring Mon 7Ot 2 L2/ Shemt 0l 2.
Praject ! : Type of Boring. Rig
CABING U0 e ST20 s OG0
Boring begun. Roring completed
" Grond Eleratlon referred fo

Flald Party:

Oatun

type, color, Lexiure, consisiency, sampler driving nolas
Dlows oot foot o casing, desths wesh wetar lost, observed
flucttions in water lml. nates on drilling esse, eic.

i )?I*',’(d"

L-\ E

=
hubbhbbhbbbabisl

Mmm..‘.ug& -

ARZo415




ESE SN TRERESRNG, Ne:

dAdbay
Wia THAM A Boring M. .Lom_a/l-l.&_nmla!l ;

P Type of Boring {
i Caaing M_Sin___.ﬂmllm N U e d
Boring bagun. Baring completed

Grourtj Elevation refered 10

Finld Party:

Datum

Sail type, coler, taxture, consistency, sampier driving noles,
Blows per ool 0 cagir, depths wash walar loat, observed
Mluctimtions in water lml, notes on «mlm @, 1,

,‘H"‘l

rhpprhseephob
~X
\\

k]

. .
Gttt S - Ales gt g Ll L“u
Latdonte Jhas ot iy

’

LE LS L A G2 L

#5 #)

I llllllhﬁhhhl—l—.—ll]—hl

Q
LrRd Ol bl lh

- [

o

vignea #ﬂdﬁﬂw 24 LT 2 M

A\‘lﬂlﬂvlﬂ

B~66




ESE SNEREERNG Re. -

JoaNo2 b/

Chient s Sm-mwm in.mfn;;%.mu_ﬂlg_mxioa
ypa 0

CARING 00 e, 120 e DG M U e

foring begun, Boring completed,
Ground Elevation referred (o

Field Pasty:

Qatum

Soll type, color, laxture mlmcy ml. drivi
Blows per foot on casing, degths wash i cat,
fluctustions in mu levei, notes on tmlm 0884, eic,

(Mnm;'m 4

npphppppmirppITp I e e Py e e

LysbhbLibhbba b sdalabaal




247 !

Sits, W
Soriag Soo___ @4 ¢/

_alalse it
_ﬁ,s'n DAL fq Lk - LIsirral ALK p IATAl TR g

W Dpovs Hra " Aesams n
PArcwrng 1494
" Dpava nriwe "ReFdRs Ty
Purtipn CASIM 1478
GASUM T® HOLH OPRM (Meed




siee (W VW
gl

Saring Yo

' LU""“"’
v wofddsz)

e gl

! AN AN A

[ Y A

p .
ad Lol

4 e Al o 200# o)
e p U orn Dipos '

aNes

Lo




sico__L U VOV
Soriag Vo, £ &' 47

l“'/) -0z /IA R el

‘ F, EP ) 13 fuds ‘.'xi.'h&téiﬂ Dacdic IZQJ“':KML"—/L'U’ il Pyl T
B ' g F i el d 'plfj'-

2015 [ow LAR 4D, vﬂw

- 3529725

I1]

-

Jﬁ-ﬂulm_ammumm_cm_____
e LS A AL

ananIs




MONITOR WELL CONSTRUCTION

Logged By: ~Haéar Hazeorr Cllent: L EAT b0 81 A
Onllling Contractor; Mﬂd&ﬂ- Location; —idl iCoisd
Driller's Name: Job Number:_Z Y40 &
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Cumments (Lost circulation interval, Water level changes, Hoie collapse nterval, stc.):
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| e — 1 R o
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Protective Casing————————s|
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: LU AT T TAP L
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Top of Scresn 12 7 _ Material Aec Y _Quaare gago

Scresn;
Type 2

DIAMONS el
Lonmn—m_nmw
Slot uln_m.u.&____

[4 =1 7 .
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\o/
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Logged By:

Oriller's Name:
Well Number;

MONITOR WELL CONSTRUCTION

Cllont; LA T L ANA
Locatlon: Lo

Job Number: (2
Date/Time: siﬁ%& Finish L 2008

Cammants (Lost circulation Interval, Water levsl changes, Hole collapse interval, ato.)

Depths In Reference
{0 Ground Leve!

Top of A s /

Protective Casing

_ Top of Well Casing Q‘zl

Locking Cap

1wy
Top of c.mom-d-—-——-—

Sottom of ’sl

Protective Casing
Qround Water v

/

Protective Pipe “
Tyoe, Dllmclor_é_g_".dl.ﬁ._
g — Gement/Gravel Pad

Tap of
Bentonite Seai

Top of Gravel Pack

Tap of Screen

Type of Grout M;/éﬁmwn.ﬁ’

Bottom ﬁl Screen _4;- A .

cnl'ﬁ}:“ w%g‘&_‘m__

Toinrsi 'ryp.' .Eauu‘.’umm___

.———Typc of muqzﬂmmm

e Qa8 Pack:
Materiaj 2

Screen: \

YRe
Diamoter et
Length Lcirial

sl':c'sm WYL

(]

Total Dapth
ol Bore Hole

Bare Hole Diamster —AMQ .
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~MONITOR WELL CONSTRUCTION

Lagged By: _@ML&M.L_ Client: L2584 7/t #i A

Drilling Contractor: . Location: Lo 0

Orifler's Name: INStmeell  Bu is& [y idv Job Number, . 24 e

Welt Number—2su 220 Date/Time: Start .t ip__ Finish 128/
Comments (Lost circulation interval, Watcr levet changes, Nole coilapss interval, etc.):

AAAP 0B

Daptha in Relarence
to Ground Leve!

Top of ‘
Protective Casing Locking Capy 4uii® AP UL

| Mt Dueny, Boel Al
' —
Top of Wall Casing L2

. Mef Fteeld 41 0%,
! - " o CamentiGeavet-Pad
Top of Camant=2

[y

| ———d L LR

Type of Grout aw.&mm&_/-'“

Casing: .
T

ype
Diamater, I1d
Couplings:
Type oAl [ TELNAL
Number X
Depthe 2247

.——-—- Type of PIug—dL&d—._._.’

-

' —— L L
Tap of Scresn Natorinl 42Ul FORMATI
5D

Screen:

TmMMM&,?_BMW T
—-GE"E’T:A'_LL

Diamater. :
Length
Slot Size 10 _ <70 €

MELL WA WD,

y B “ .
Bottom of Scrasn L ?‘ 2 Hre? Aoeie ~ 3 ”'A‘R@Q [}747"3‘.:.
Total Depth 2 Dlameters
of Bore Hols
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z,.;.z.,.&.z...t.z,.r.z,.s.z,;.'..z,
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MONITOR WELL CONSTRUCTION

Client 28 TIHAMA

::I?I'Il:: gmmton Mb-.ﬂmau.'___

Driller's Name: i8R
Wall Number —ail= &4

Location: 17

Job Number: CTYYR :
DatefTime: Start L. Finish 2L 9L86

Commanis (Lost circulstion Interval, Water level changes, Hale collapse Intervai, ete.):

Depths in Reference
1o Ground Level

Locking Cap

Top of
Protective Cnlng—z 57

Top of Weli Casing ._21 2 ’
P |

Fﬁ

Tap of Cement

Bottom of ’
Protective Culnn—&-s—- ‘

F'Qi't;und Water

Jor———acanen Protective Pipe '
Tyre, Dllmnlor.sl:“.h,‘.‘___
m-__—mnunl Pad

Type of Grout

Top of g /
Bentonite Seal

—' 5—/
Top aof Gravel Plck—LL———.‘

197

Top of Scraen

Casing: ,
Type—DVE Seurds
ulfr'mm__‘{"_____

TN T Type Lbiti
B
' t .
* / 29 poka s

. oy
Type of Plun&mmﬂ_%
Gravel Pack: '

Maternl Ak, Bunare Sonp

Screen:
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T2l dop o
bl or grirr sy rroryR
% mtll 2 '

an .
Slot 8120 e 208 £0 "

Bottom of Scrasn-——r -
26.5

fBara Hole oumg_ﬂ Lﬁi ‘9 0
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of Bore Hole

@a

NOT TO SCALE




r"“" il
...:
_.-
mu RPN, cowe i mm—

ENVIRONVENTAL BCIENCHE
AND ENGINEERING, INC,

April 8, 1986
ESE No. 84=604=0800-2120

Connander
U.S. Army Toxic and Hazardous
Materials Agency
ATTN: AMXTH=-IR (Mr. Jechn F.C. Sanda)
Bldg., E4435
Aberdean Proving Ground, MD 21010-5401

Re: Contract DAAK11~-83~D=0007, Task Order 0004, Delivery
Order 0005, West virginia Ordnance Works Environmental
Survey, Submission of Field Drilling Logs

Dear Mr., Sanda:

I have enclosed the original field drilling logs for the
following wells:

GW 42
GW 45
GW 45D
GW 44
GW 46
GW 49

Please contact either Mr, Robert Hazlett or me if you have
any questions,

Sincerely,

AlﬂviJQ%Z2£ovo
David L. Kraus

Task Manager
DLK/d1k

Enclosures
cc: AMXTH-IR, Mr. R.B, Turkeltaub (w/o enclosures)

R. Hazlett
Project file

AR3079)

B-102 .
P.O, Box ESE Gainesvile, Fiorida 326802 904/338-318 TWX 810-828-8310
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ENVIRONMENTAL SCIRNCE
AND ENGINRERING, INC, . April 22, 1986
. : 84~604~0705-2120

an PRI, coweany

Comzander

U.S. Army Toxlc and Bazardous Materials Agency
ATTN: AMXTH-IR (Mr. John F.C, Sanda)
Edgewood Area, Bldg. E4435

Aberdeen Proving Ground, MD 21010-5401

Re: Contract DAAK11-83-D-007, Delivery Order 0005,
Weat Virginia Ordnance Works (WVOW), Eovironmental Survey,
Field Drilling Log Submittal

Dear Mr. Sanda:
I have enclosed the original field drilling logs for the following walls:

GW27D (Abandonad borehole) ’
GW27D (Abandonad borehole #2)

GW27D (Completed well)

GW47 (Abandoned borehole)

GW47 (Coxpleced well)

GW48D

oW32s

You should now have the field drilling logs for all wells drilled in the
WVOW Phase II field investigation., Please contact either Mr, Robert
Hazlett or me if you have any questions,

Sincerely,

L.
- David L.ﬁ:\;?/ m

-~ Task Manager 2
DLK/tsw
Enclosure
cc: AMXTH-IR, Mr, R.B. Turkeltaub (w/o enclosures)

R.C. Hazlett
Project file

AR304792

B-103
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GENERAL LEGEND ~ TERMINOLOGY USED IN WVOW FLELD DRILLING LOGS

Consistency - Density
Soft = Loose

Stiff = Medium denge
Hard = Dense
=For wells 43, 45, 45D, 46, 49, 47

Plasticity
Not plastic

Low plasticity
Moderate plasticity
Highly plastic
=All wells

Moisture Content
Dry

Vary slightly moist
Slightly moist
Moist

Wet = gaturated
~All wells




APPENDIX C~-PHASE I1

CHEMICAL ANALYSES
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APPENDIX D-~PHASE II

LAND SURVEY DATA




NOTE: Copies in this appendix are the
best quality available,

AR304838




; (814) 446-8221
Prane: ¥ '“HW
4481074

JOE LEACH, INC.

P.0. BOX 212
GALLIPOLIS, QHIO 45631

April 23, 1986

Mr. Robert C. Hazlett

ESE

F.0, Box ESE

Gainesville, Florida 32602

RE: Survey Work
W.Va, Ordnance Works

Dear Mr., Hazlett:

Enclosed are twc (Eé copies of survey work performed as
per your February 2 6 request for 10 new Monitoring
Wells and resurvey of 4 FPA Wells,

If you have any questions please advise,

Very truly yours, ‘
oseph L. Leach, President .

Encl: 2'cop1es

= mmouaas
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{004} (4-020
Phone b )“HW
441074

0 -J0 11> Ir)—

Y
11
12
13
14
18
18
19
20
2
24
a3
24
28
26
7
20
29
30

697,948, 1507
498,273,728
698,099, 1642
&98,014,6299
678,011,2479
698,011,8038
698,082, 985
678,414, 2654
697,932,0094
697,990, 1687
697,914,2156
$77,465,3796
697,797,786%
697,555, 7683
677,566, 1654
699,976, 5348
700,227.7818
700,161,4082
700,317.8803
790,36%,9228
70%,644,8862
705,603, 7163
706, 190, 5768
704,552.8773
70%,957.975%
706,272,8563
70%,865,4415
705,8%%,8793

JOE LLCACH, INC.

P.0. BOX 212
GALLIPOLIS, OHIO 45631

EAST

1, 495,075,0743
1,674,827, 1450
1,495,508,0276
1,495,010,6%74
1)694,992.0214
1,694,942, 1362
1)694,920,5838
1,694,938, 3513
1,494,774,9373
1y494,788,8438
1,494,8%5.0926
1,695,466.7914
1,474,808, 6289
1,494,612,3632
1,694,64%,0197
1,691,589, 1600
1,692,328, 7071
1,492,321, 3802
1,692,783, 0601
1,692,718, 03¢
1,4B9,784.79897
1,689, 601,5645
1,689,394, 08541
1,689,732.4091
1,490,061,1119
1,689,894, 2033
1,690,148, 4621
1,840,185, 7%72

*Top of PVC well casing.

PESCRITRFION

HUB
GW231
GWA?
GWR38
EPANL
EFAN2
EPARS
GW4eD
NAIL IN RD,
OWSAErow3n s
EPAK4

Ri SPIKE
HUB
GW120
GHAR
GWA2

HUE

GWa4
GW27
GW27D
HUB

HUB

GWA7
GW32D
Hup

GWas
GHAS
GWASD

GROUND
ELEV,

395,91
389,36
992,22
590,09
374,74

392,97
393,91

612.9

608, 63

610,43
610,41

607,57
612,19
612,04

ELEVATION
2 MARK

u98. 11
393.29 .
595,04
992,97
596,77

394,49
396.680

615,07

610,95
612,77

612,73

409,71
614,40
614,21




